"PROCEEDINGS OF THE SOCIETY FOR ANALYTICAL CHEMISTRY 


ee Ordinary Meeting of the Society was held at 7 p.m. . on Wednesday, Nowedober ’ 7th, 1956, 
in the meeting room of the Chemical Society, Burlington House, London, W.1. , The ca 
was taken by the President, Dr. K. A. Williams, A. Inst. P., M.Inst.Pet., ERIC. cies 


The was and discussed: “The Structure of Dithizone anne ‘its 
i , F.R 


i 


"Michael Moffatt Crowder, M.Sc. Tech.; Hilda Irene Fisk, B. Se. Gnd): John Cyril House; 
Dong-Suh Ling, B.Sc. (Shanghai) ; Matthew Lonsdale ; David Milton Raistrick, B.Sc. (Manc.), 

AB. C.; Peter George William Scott, B. Se. (Lond.), ), A.R.L.C.; John W. Skirvin, B.S. (Fair- 


Frank Robert Coe, Se. (Birm.); Albert Thomas Masters, B. Se. (Lond.); William 


A Joint iT Meeting of the eahies® with ‘the Methods of Analysis Panel (Glasgow) was held a 

| 7.15 p.m. on Friday, September 28th, 1956, at the Central Station Hotel, ee 
Chair was taken by the Chairman of the Section, Dr. F. J. Elliott, FRIC.,FRSE. | 

_ The following papers were presented and discussed: ‘“The Photometric Determination « of 

Molybdenum as the Thiocyanate,” by R. Kerr, B. Sc., ARLC.; “The Determination of oes 

in Steel,” by L. J. A. Haywoc 


by W. Elwell, F.] RIC 
WESTERN N SECTION 


> 
Section of the Royal Institute of Chemistry held a a meeting 
on Saturday, October 6th, 1956, at 2.30 p.m., at the Technical College, Plymouth, in a 
the Western Section were invited to participate. _ The Chair was taken by the Chairman of i% 
the South- Western Counties Section, Dr. F. D. M. Hocking, MSc., , M. B. S., R.C.P. 
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‘discussion was opened with special contributions from J. W. Barrett, B.Sc., Ph.D, ARCS. 
AM.L.Chem.E., F.R.LC., Professor H. T. S. Britton, D.Sc., D.I.C., F.R.LC., J. 
Jones, M.Sc., D.Sc., F.R.LC., and. A. C. Truman, B.Sc., the ae 
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of ceenen a and the South Wales Section of the Society of Chemical Abbey was heldat } 
7 p.m. on Wednesday, October 10th, 1956, at the Technical College, Newport, Mon. The 3 
Chair was taken by the Chairman of the Section, Mr. P. J. C. Haywood, B.Sc., F.R.LC. 


ae A lecture on ‘‘Sequestering Agents and their Analy’ tical ens” was given 1 by RI 


1956, in the Lecture Theatre, and District of Art, Green ~The 
Chair was taken by the Chairman of the Section, Mr. J. R -Leech, J.P. 
following paper was and discussed: precision Absorptiometry,” 


AN additional Ordinary M Meeting of the Section was held at 7 p.m. on Friday, September 28th, 


Pike _ 1956, in the Main Chemistry Theatre, The University, Edgbaston, Birmingham, 15. The 
was taken by the Chairman of the Section, Mr. J. R. 
re ‘The following paper was presented and discussed: ‘Precipitation from Homogeneous 
of the was held at 7 p.m. on en by the Ch October 25th, 1956, in 


paper was and Advances j in Ion- 
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developments have taken place in. this Mar 
- determinations that used to be carried out by classical procedures are now acoiigliehs é 
more direct physico-chemical methods. The time-consuming gravimetric procedures 
have been replaced in the most part by these more modern methods. Volumetric —— oe : 
however, are still fairly widely applied to the determination of certain major alloying — 
constituents and, more recently, the development of ethylenediaminetetra-acetic acid (EDTA) © 
- asa volumetric reagent has extended these methods to the determination of some of oe more 
3 _ The physico-chemical methods either eliminate chemical separations completely or or else 
iethice them toa minimum, and by this means a great saving ir. time and manpower is effected, q a 
especially in ‘control laboratories in which many alloys of the same type are analysed. 
_ Absorptiometry i is one of the more important of the modern techniques, because the necessary 
_ equipment is not too expensive, and most elements forming stable coloured complexes — 
be determined by it. It is especially suitable for the determination of minor alloying con- — 
‘stituents and also for trace impurities in pure metals. More recently, however, it has proved — i 
_ useful in certain instances for the determination of major alloying constituents by the applica- 
_tion of a differential method of measurement. Conventional polarography is often used for Pe 
_ the determination of those minor alloying elements that do not form coloured ‘complexes ae a 
Ent Lead and zinc are two constituents in non-ferrous analysis for which this technique — 4 


is most suitable. Polarographic methods are bound to find ; Mauch w rider application in 
the future, however, through the development of square-wave polarography. * With this 
4g instrument minor alloying constituents can be directly determined in the presence of = 
-_santituents reducing at the dropping-mercury electrode at more positive potentials than - 
{| do the minor constituents, and this behaviour permits several elements to be determined 
from a single recording of the polarogram. _ 
ss _ Electrolytic methods in which platinum electrodes a are e employed have always been most a 
= ae for certain determinations in non-ferrous metallurgical analysis. Their application — 
. in recent years, however, has been made more selective through the development of equipment ms 
for controlling the potential of the cathode at pre- -selected values.? The author? has found 4 we 
_ this technique very | useful in a-scheme for the analysis | of copper- -base alloys. After the 
= of the copper from a hydrochloric acid solution of the sample by controlling the Be ei | 
potential of the cathode at —0-36 volt against the saturated- calomel electrode (S.C. E.), the aie 
_ amount of this constituent is determined from the increase in weight of the cathode. Then 
By electrolysis is repeated with the cathode controlled at —0-70 volt against the S.C.E. oS Soh 
to obtain the simultaneous deposition of lead and tin. The iron, manganese and nickel __ 
contents are determined in the remaining electrolyte by absorptiometric methods, whilst 
- Values for the aluminium and zinc contents are obtained by volumetric methods. | One fh 
controlling unit is required for each pair of electrodes, and this makes the procedure more 
suitable for the analysis of occasional samples than for routine samples. However, — 
example does show how modern techniques have been combined to resolve difficult analytical — ; 
problems. Electrolysis is also of value for the separation of various elements from a major — 
constituent before their amounts are determined by some suitable physico-chemical technique. _ 
_ The main advantage of this method is that the separation is effected without the addition — 
_ Of any chemicals to the sample solution. Also, when the platinum cathode is replaced ~ a Es 
, 4stirred-mercury cathode, the values of the cathode potential needed to effect the required stg 
separations can be forecast from polarographic half-wave potential data. The determination 
of small amounts of zinc in cadmium metal is a good example of the value of this method.* _ 
_ The cadmium is deposited into the mercury cathode controlled at —1-00 + 0-02 volt against a 
S.C.E. when an ammoniacal solution of the sample is electrolysed. Then asmall amount 
of gelatin is added to a quantity of the electrolyte and the amount of zinc is determined — 
from the of the step occurring in the region of volts against the 
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MILNER: NON- FERROUS METALLU 
used this electrolytic method only when it proved to 
ecessary separation by precipitating the cadmium as hydroxide with sodium hydroxide, 
BS 3 _ Separations by solvent extraction are a great improvement in many instances on the 
_ conventional precipitation methods. Cellulose chromatography is an extended form of 
solvent extraction, and separations that are most difficult by precipitation methods have 
been readily effected by this technique, as for example, the separation of niobium and = 
_ Activation analysis has become more important in this country in recent years, because 
es of the availability of the Harwell pile for the irradiation of samples. This method is usef 
aay for the determination of those elements that produce radioactiv: isotopes with suitable 
_ half-lives on neutron bombardment in the pile. It is most valuable for the determination 
_ of trace constituents in materials, since the method is free from the reagent-blank difficulties 
that affect most physico-chemical methods. The activation method is not a rapid method 
of analysis, because after the addition of carrier it is often necessary to separate the required 
: isotope from all the other activity produced by the irradiation of the sample. It does, 
ae however, provide another technique for the analyst to use in the solution of problems that 
are either very difficult or impossible by other methods. Chemical separations after irradiation | 
_ can be avoided when the constituent being determined produces a y-emitting isotope, and 
then determination can often be completed by direct y-radiation spectrometry. The separa- 
i: tions in this type of work are greatly simplified by the use of ion-exchange resins. This 
i sl because complete recovery of the added carrier is not necessary ; | the main requirement | 


chemically pure. The determination of amounts of sodium in lithium metal’ 

ae by activation analysis is an excellent example of a determination that could not be accom- 

_ plished by any other procedure. Undoubtedly this technique will find wider applications 

_ in the future when more facilities for the irradiation of samples become available. __ 

i: ett Emission spectroscopy is a more physical method used for the analysis of metals and 
ie alloys. ‘It is extremely rapid, since the composition can frequently be determined from the }— 
rs _ direct excitation of the sample as received. The preparation of a solution of the sample . 


_ So necessary in the physico-chemical methods is thereby eliminated. _ The accuracy of this 

__ technique is generally lower than that of the more chemical t techniques, but it is often sufficient 

for the rapid control analysis of production materials. For example, the Quantometer, 

z which is an automatic spectrograph, is already well established in this country for the rapid | 

elt control analysis of aluminium alloys for many alloying constituents. In large factories or 
establishments where the initial high cost of this equipment can be justified, there is little } — 
Ey ey doubt of the labour- and time-saving value of this instrument. Spectrographic analysis . 
” however, a somewhat specialised technique and spectrographic methods of analysis are not 

“4 included here ; this review is a critical survey of the chemical and physico-chemical procedures _ 

ey available for ‘the determination of major and minor amounts of many constituents of im- 


portance in non-ferrous metallurgy. various ¢ are 
alphabetical order for ease of reference. 


_- Volumetric methods are pa in the determination of the aluminium content of 
several types of alloys containing this element in alloying amounts. It is necessary, however, 
to carry out a preliminary separation of the aluminium, and precipitation as its insoluble 
benzoate i in the presence of thioglycollic acid is convenient for this purpose.* After filtration 
oT and re-solution of the precipitate in hot hydrochloric acid, an indirect volumetric procedure 
oe: is available for the titration of the aluminium.® It involves the addition of an amount of 
a. standard solution of EDTA sufficient to react with all the aluminium and to leave a slight 
—_ _ The solution is then boiled to form the aluminium - EDTA complex and the exces 
of EDTA is determined by titration with a standard ferric iron solution, the colour produced 
Fe ee ferric iron with salicylic acid being used to show the end-point of the titration. This 
= is best applied when the aluminium content is known approximately so that the 
_ amount of EDTA needed can be calculated. Some practice is also necessary in recognising 
- end-point, because the iron - EDTA complex is more stable than the corresponding 
_ aluminium complex and fading of the iron salicylate colour occurs if the solution is allow 
putea by titrating the excess of EDTA with a standard 
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v., 1956) 3 MILNER: | NON-FERROUS METAL 
zinc ‘with as the indicator. An pro 

resolution of ‘the aluminium benzoate precipitate in hot ammoniacal solution, 


- followed by the precipitation of the aluminium with 8-hydroxyquinoline. — After filtration, 
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of the aluminium oxinate precipitate is dissolved in hydrochloric acid and the oxine content - 

ave of the precipitate is determined by the usual bromimetric titration procedure." This method — 

and is slightly longer than that in which EDTA is used, and therefore is less attractive for routine _ 

Be ~ analysis. _ However, it is unnecessary to have a prior knowledge of the aluminium content 

use and no great experience is needed to recognise the end- -point. Both procedures have been — 

eful applied to to the analysis of copper-base alloys, including various types of brasses and aluminium _ 

able _ bronzes. - An alternative method for aluminium bronzes! involves the removal of other» 

tion - alloying constituents from the aluminium by mercury-cathode electrolysis before the pre- at 
Ities Di sagearer of the aluminium with 8-hydroxyquinoline. This method is very reliable, but i is “oe 
hod | less suitable for routine analysis than is that in which benzoate precipitation is used. — Es , 
ired | benzoate precipitation - EDTA titration procedure i is applicable to the analysis of magnesium- Tce 

that q For the determination of small amounts of aluminium in alloys, more sensitive absorptio- = hoe 
tion | metric methods are available.  Aluminon (ammonium aurinetricarboxylate) forms a bright aoe 4 
and | red lake with aluminium in acetate solutions buffered in the range pH 4 to 5, but strict control _ ae 

ata- | of the solution conditions is necessary for the best results. In applying this coloured complex __ 

This | to the determination of traces of aluminium in lead, antimony, tin and their alloys, Luke am “aa 
nent used a complicated separation~scheme for removing the alloying constituents from the 

aluminium. This involved mercury-cathode electrolysis followed by extractions with a 


‘cupferron - chloroform reagent to remove such elements as titanium, zirconium, hafnium — a 
and niobium. Any vanadium remaining in the aqueous phase is formed into a complex by _ 
addition of hydrogen peroxide after the pH of the solution has been adjusted to 5, and then the vy 
| === is removed as its oxine complex by extraction into chloroform. The chloroform td 
_ layer is heated to remove the solvent, and organic matter is destroyed by wet oxidation. © are 
_ The aluminon complex i is then formed and the determination is completed by taking absorption Pe 
measurements at a wavelength of 525 my. As might be expected, there is a ‘slight loss of — 
% aluminium during these separations, and the necessary correction to be applied is determined — 
_ by taking known amounts of aluminium through the same scheme. For the determination — 

of from 0-001 to 0-01 per cent. of aluminium in gun metals, Price and Payne found mercury- 
— cathode electrolysis necessary for the separation of the ‘aluminium from copper, tin, lead ye 
eso | andsoon. After this separation procedure, however, the aluminon complex is formed directly ne 4 Is 
4 in the electrolyte, because titanium, zirconium, hafnium, vanadium and other elements that — ‘ 

are not removed by this procedure are fortunately not constituents of this type of alloy, 
2 not § Since mercury-cathode electrolysis is useless for the separation of titanium from aluminium, moe Pa 
dures Corbett" effected the necessary separation of the titanium in a method for traces of aluminium eae 
fim- in titanium metal by extracting the titanium - cupferron complex into chloroform from a 
w in _ hydrochloric acid solution of the sample. Then, after the adjustment of the pH to 3-5, the 
| aluminium - cupferron complex is extracted into chloroform, and these extracts are evaporated 
| 4 to dryness and then gently ignited to remove organic matter. The aluminium is redissolved 


ae _ and the determination is completed absorptiomegrically as before. From the results of | 
nt of | Work’* it appears possible to improve this separation by extracting the aluminium as its a 
ever, | oxine paca all into chloroform whilst retaining the titanium in the aqueous layer as its a " 


. ij More recently the coloured lake formed by aluminium with Solochrome « cyanine has been 


xcess tecommended for the absorptiometric determination of small amounts of aluminium, and i. 
iuced § Bacon'* uses it ina procedure for aluminium in magnesium alloys. — _ Formation of the complex ae? 
‘This 4 with this reagent takes place in the cold, whereas the complex with aluminon needs controlled _ 


t the formation.’* With Solochrome cyanine, nowever, a correction is 

rising necessary for the high absorption from the reagent itself, but even so the precision of the ve 
nding § luminium determination is in no way inferior to that obtained with aluminon. With cn cP ee 
owed | to specificity there seems to be little to choose between the two reagents and in fact one a 


reagent. has no great advantage over + the other. Another method of importance is based © 
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on os ae yellow - colour produced by the solution of aluminium oxinate in chloroform” 


s The complex is formed in alkaline solutions in the presence of cyanide to prevent possible 
interference from copper, nickel, cobalt and zinc, and, after extraction into chloroform, § 
it absorbancy measurements are taken at a wavelength in the region of 400 my. Coppins and 
Price used this method for the determination of traces of aluminium in pure tin, anda 
1 a similar method is recommended by Claassen, Bastings and Visser!* for aluminium in phosphor 
; Bas. bronzes and zinc-base alloys. This’ procedure for the zinc- -base alloys is superior to th } 
volumetric EDTA - - benzoate precipitation method when only limited amounts of sample } 
ia ‘The’ determination of small amounts of antimony in n non-ferrous alloys presents few 
difficulties, since this element forms very sensitive coloured complexes and can be readily 
separated from other constituents, if a preliminary separation is necessary. Many absorptio- 
_ metric methods are based on the strong yellow colour produced by iodoantimonite ions on 
_ the addition of excess of iodide to mineral acid solutions of tervalent or quinquivalent 
: _ antimony. _ Hypophosphite is ee in the solution to destroy any free iodine 


forms the basis of a direct method, which is, however, only applicable 

aa alloys low in bismuth (less than 0-03 per cent.). The absorbancy reading is a measure Of F 

.- antimony plus bismuth and, with alloys containing bismuth, it is necessary to determine this ) 
oe Constituent separately and then find the antimony by difference. For traces of antimony | 

to 0-02 per in pure metallic tin, Coppins and Price* combined this determination 


-as Cu,Sb on copper foil. The antimony is recovered from the foil with sodium peroxide 
at the iodoantimonite colour is formed as before. A similar procedure is recommended 
for the determination of traces of antimony in copper and copper-base alloys.* The arsenic 
is first removed, however, by reduction to the 7 with hypophosphite, followed by 
filtration, Reinsch_ procedure, then to the filtrate. For copper alloys 


se separation of ‘this 


.. by several types of copper-base egret very sensitive coloured complex is based 
sae on the reaction of rhodamine B with quinquivalent antimony to form an insoluble red-violet 
- compound, which can be extracted into benzene. Ceric sulphate is suitable for ensuring the 
complete oxidation of the entimony. at Luke and Campbell** found this complex suitable for 


is 
a _ dioxide, and Luke?’ also employed. it her tive of antimony in lead samples after the 
preliminary ‘Separation | of the major constituent as its insoluble ‘sulphate. 


‘This element also produces. well defined polarographic steps in a variety of base elec 
rs : “trolytes. _ The excellent step in a chloride base solution is unfortunately masked by coppef 
ae and iron steps, which have prevented the direct polarographic determination of the antimony 

_ content of aluminium alloys. The recommended method involves a preliminary separation 

a a = the antimony as its volatile chloride and is applicable to the determination of antimony 
ae es contents of less than 0-5 per cent. to within + 0-02 per cent.2* For routine analyses of samples" 

' _ with low bismuth contents, this method clearly cannot compete with the direct absorptio- 

_ metric method. The polarographic method is also suitable for the determination of traces 

: *S of antimony in metallic lead and lead alloys. The major constituent is first separated as 


he its insoluble sulphate and then the determination is completed by recording the anodic fw; 


ie step for tervalent antimony from an alkaline tartrate base solution. There is apparently 
no interference from other constituents and the method is, therefore, specific for antimony. 
However, this method does not appear to have any real advantage over the rhodamineB 
_ absorptiometric method. For antimony contents up to about 0-8 per cent. in metallic lead, 
Hourigan and Robinson® prefer the antimony step from the chloride base solution and their 
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Antimony is also readily determined by volumetric procedures and such a method is 

for low alloying amounts in lead-base material (sheathing After reduction 
of the antimony to the tervalent form with sodium sulphite, the solution is boiled to remove 
the excess of sulphur dioxide and the > antimony is titrated with a standard potassium bromate 
solution added from a microburette. . Methyl red is added to the solution near the titration 
end-point and the titration is stopped when the methyl red is decolourised. For satisfactory 

" working with unknown samples, however, it is necessary to carry out a rough preliminary ae 

_ titration to find the approximate position of the end-point, and for this reason the volumetric — Ho 

' method is less attractive than the polarographic method for this type of alloy. The bromate _ 
titration with methyl red as indicator is also recommended for the determination of the 

- antimony content of white metals, which is usually high enough to permit the addition of 
the titrant from an ordinary burette.*. Chromous sulphate is a very attractive reagent for 
the direct titration of antimony and a method for the determination of antimony in white _ 

4 ‘metals is reported. A hydrochloric acid solution of the sample is treated with potassium _ 

;' permanganate to ensure that the antimony is completely i in the quinquivalent state and any 
excess of this reagent is decomposed by boiling. Then the titration is carried out, the end- Raul 
point being determined potentiometrically. This method is more suitable for the routine _ 
analysis of white-metal samples, because of the necessity of preparing and storing the titrant 


The determination of this element presents few problems in non- ferrous analysis, j - 
"at it can easily be separated from other components of a sample, and, after separation, _ 
geod methods are available for the determination of both small and large amounts. The | 
h _ separation procedure generally used is applicable to both macro and micro quantities of 
arsenic and involves the distillation of arsenious chloride from a hydrochloric acid solution — 
@ the sample. The determination | of small amounts of arsenic is readily accomplished by d 
the heteropoly molybdenum- -blue absorptiometric method _ involving the addition of am- 
-monium molybdate to quinquivalent arsenic to form arsenomolybdate, which is then reduced 
_ to molybdenum blue with a suitable reducing agent. Rodden* reports that this method is As : 
se applicable to the determination of trace amounts of arsenic in non-ferrous materials, — 
including brasses, bronzes, bearing metal and so on. Coppins and Price,* however, sncouitersd = it : 
slight difficulty when applying this procedure to traces of arsenic in pure, metallic tin. me 
_ difficulty arose from the appreciable amounts of hydrochloric acid collected in the receiver 
during the distillation procedure. The neutralisation of this free acid with ammonium > 
“hydroxide before colour development resulted in salt formation, which prevented the full — 
development « of the colour. These workers overcame this difficulty by adding a small amount ey 
— Of ferric i “iron to the acid distillate, followed by ammonium hydroxide to make the solution __ sat 
alkaline. The arsenic is completely co- precipitated with the ferric hydroxide under these _ 
conditions and, after filtration, the precipitate is dissolved in a controlled amount of acid. a 
_An alternative method for arsenic in copper-base alloys and pig lead employs the preliminary — 
_ Separation of the arsenic by precipitation, the arsenic being reduced to the metallic state 
with hypophosphorous acid. This procedure may be of advantage in routine analysis feed 
4 _ The analysis of germanium metal and germanium dioxide for traces of arsenic has assumed FS 
_ importance in recent years because of the use of these materials in transistor manufacture. ig 
_ Luke and Campbell®* have developed a method for the determination of from 0-1 to 1 p.p.m. a eae 
of arsenic. Separation of the arsenic by distillation proved unsuitable in this work because ss “i 
of the volatility of the germanium chloride, but these workers successfully applied solvent a 
: extraction to this problem. In the recommended method the arsenic is isolated by extractions _ 4 
i with diethylammonium diethyldithiocarbamate in chloroform from a 2 N hydrochloric acid 
Solution also containing oxalic acid. In spite of the strong complexation of the | germanium 
E with oxalic acid, a small amount of this constituent accompanies the arsenic in the extraction — 
f procedure. _ After the removal of chloroform from the combined extracts, therefore, organic — 
matter is destroyed by wet oxidation and the germanium is removed as its volatile chloride _ 
_ whilst the arsenic is maintained in its quinquivalent state. © The arsenic is then converted — 
F into its molybdenum-blue complex and the determination completed absorptiometrically. 
to complete the determination of very ‘small of arsenic separated 
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from germanium by this solvent-extraction method | by a 1 modified | Gutzeit test in which the 


: - hydrogen is generated electrolytically from a zinc-plated cathode. The activation method 
_ is applicable to the determination of arsenic contents of less than 0-1 p.p.m. in this type of 
material. In fact, by using the Harwell pile, Smales and Pate” succeeded in determining 4 


arsenic contents of 0-01 p.p.m. in germanium dioxide. 


Volumetric methods are available for the determination of larger amounts of arsenic, 
. eae One suitable method involves the direct titration of arsenious acid with a standard bee | 
——- off iodine, starch being used as the indicator.** Since the reaction in this titration is reversible, | 
= Bre it is necessary to have an excess of sodium bicarbonate in solution to destroy the hydriodie 
_ acid as it is formed. This titration is directly applicable to the distillate obtained in the 
’ Eee separation of arsenic from the other constituents of a sample as arsenious chloride. Ina 
method for the determination of less than 0-1 per cent. of arsenic in copper-base alloys, the 
at Shed _ above procedure is . after the preliminary separation of the arsenic by co- precipitation 


ris the distillation procedure is carried out directly on a “solution of ‘the: t 


a Small amounts of this element are determined absorptiometrically. One: method makes 


nas use of the red-brown lake formed by beryllium with #-nitrophenylazo- -orcinol. . The dye is 
yellow in basic solutions, but when it is added to an alkaline beryllium solution, a red-brown 
eel lake is produced. — _ The alkalinity of the final solution must be controlled over a fairly narrow 
ange for the best results and buffering with a borate buffer is recommended. The Beer- 


Be Bt Lambert law is not strictly obeyed by this complex, but reproducible results can be obtained § 


_ by careful control of the solution conditions. This method is recommended by Osborn and 

_ Stross# for the determination of the beryllium content of aluminium alloys. The sample 
is dissolved in sodiurm hydtoxide and then the coloured lake is formed after the removal of 
= insoluble matter with the assistance of a centrifuge. This method is also used ina 
_ procedure for the determination of the beryllium oxide content of beryllium metal.®* The 
beryllium metal is completely volatilised from the sample with hydrogen chloride gas at a 


= acid and heated to effect complete solution. The beryllium is separated from this 
solution by co-precipitation on aluminium hydroxide and, after filtration and washing, the 
ov precipitate is dissolved in sodium hydroxide and the coloured lake » is formed. © ‘Ini a med 
Bes for the direct determination of the beryllium content of copper - beryllium alloys, Luke ie 
_ Campbell made use of the coloured lake formed by beryllium with aluminon. Interferen 
a _ other alloying constituents is prevented by the inclusion of EDTA in the final solution. 
G Vi This method is possible because of the negligible aluminium content of this type of material 
and it is only recommended for the rapid control analysis of production samples. 
_-——,- Adam, Booth and Strickland™ have criticised the absorptiometric methods for beryllium 
ae = coloured lakes are used , because of the rigorous control of conditions necessary to 


Gnto chloroform solutions containing EDTA and the is adjusted to between 
ae 4 and 8. The extracts are combined and organic matter is destroyed by wet oxidation. 
es: ‘The beryllium - acetylacetone complex is re- formed in this solution and extracted into 


washed with 0-1 N sodium hydroxide solution. A l-cm quartz cell is filled with the chloro 


made at a wavelength of 206mp. 
——e ye Gravimetric methods are available for the determination of this element when presen 


* 


ns is _——s to remove certain constituents, if present, before the precipitation with ammonium 


P a | as its hydroxide followed by ignition to beryllium oxide.* With this method, however, it 


- temperature of 600°C. Then the residue, consisting of beryllium oxide, is treated with | 


7 ee chloroform. The chloroform layers are combined, diluted to a defined volume and then | 


i= form extract after it has been passed through a dry filter-paper, and absorbancy measurements 


content of beryllium metal and beryllium salts inv obves the precipitation of the beryllium § 
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"Silica i is readily re remov by in n the way. Tron and aluminium 
are separated by precipitating their oxinates at pH 4-3 to 4-6; alternatively, these oxinates | Me, 
can be extracted into chloroform. After the destruction of organic matter in the sample ‘abs 


 pddromide. Electrolysis by means of a mercury cathode is a useful technique for separating — 
r many elements from beryllium before the precipitation of this element as its hydroxide. — 
- Amore attractive gravimetric method involves the precipitation of the beryllium as beryllium = aan 
ammonium phosphate and subsequent ignition to beryllium pyrophosphate.** This method 
4 gives almost four times as much mass to weigh per equivalent of beryllium content as the 
ieee oxide method. The precipitation can also be carried out in the presence of EDTA, eh: 
which complexes many elements and prevents their interference. The beryllium precipitate — sf ad 


is formed in solutions of 5-5 by addition of diammonium hydrogen Phosphate. 


Absorptiometric n are suitable for the determination of small thi 

= of non-ferrous alloys. Very sensitive coloured complexes are given by bismuth | 
with dithizone and with iodide ions, but the less sensitive yellow colour obtained with thiourea _ 
is far more specific for the determination of this element. Stross and Osborn® used the 
thiourea complex in a direct method for bismuth in aluminium alloys, interference from iron = 
being prevented by reduction to the ferrous state with hydrazine. Antimony also forms a = 
weakly yellow coloured complex’with thiourea, but interference is eliminated in this method oe 
by the preferential complexation of the antimony with fluoride ions. In a procedure for oo 

. - the determination of traces of bismuth in tin metal, Coppins and Price®! remove the tin by 

 yolatilisation as its volatile halide. There is no loss of bismuth in this separation procedure — 
‘7 & ided that the solution contains perchloric acid. The thiourea complex is formed in the 


final solution. This method is also applicable to the analysis of tin-base white metals, the - 
_ antimony in the sample being removed with the tin in the volatilisation procedure. & Hall? 
uses the thiourea complex for the analysis of pure lead for traces of bismuth. — The prior | 
| separation of the bismuth from the lead is effected by co-precipitating the bismuth on ae 
manganese dioxide. A more attractive method of Separating small amounts of bismuth | 
from lead is contained in a recent paper by Fiander,“ 9-methyl-2 : 3 : 7-trihydroxy-6- fluorone 
_ being used as the precipitant from a nitric acid solution of the sample. After filtration, A “2 
_ the precipitate is dissolved in sulphuric acid and then evaporated to fumes of this acid. ee et 
4 This determination is finally completed by using the yellow iodo complex for bismuth, and — ie ; om 
f it is claimed to be suitable for the analysis of refined lead, antimonial lead, lead - tin solders Bo 
; and so on. _ The ‘iodo } complex is also used in a suitable method for the determination of 
~ bismuth in ‘aauee base alloys.® On the addition of potassium iodide to a solution of th 
sample to form the bismuth complex, a precipitate of cuprous iodide is formed and free 
iodine is liberated. The iodine colour is discharged with hypophosphorous acid and the ~ 
cuprous iodide removed by filtration. Then the bismuth content is determined by measuring — ie “Ode ae 
_the absorbancy of the filtrate. This method is very sensitive and can be applied to almost — 
all copper-base alloys other than those containing large amounts of nickel = ss” 
~~ Bismuth produces polarographic steps in several base electrolytes, and these are suitable 
for analytical purposes. In a method for the determination of traces of bismuth in pure 
tin metal,“* the preliminary separation of the major constituent is necessary and the bismuth 
= is then recorded from a tartrate base electrolyte. The copper, lead, cadmium and zinc — 
contents of the sample can also be determined polarographically in ‘this solution and the 
_ polarographic m ethod is, therefore, more useful than the absorptiometric method when the ~ 
_ complete analysis of the sample is required. Ina procedure for bismuth in tin - lead solders,” — 
no chemical separations are necessary and this constitutes an improvement on the corre- 
Di absorptiometric method. Interference from tin is prevented by the inclusion of 


EDTA in the base solution in addition to citrate ions; the final solution has a pH value 
of 9. The copper content of the solder can be found simultaneously with the bismuth, __ 
_ For the polarographic determination of bismuth in refined lead,” it is necessary to remove _ 
ft the major constituent as its insoluble sulphate before the bismuth step is recorded from a iJ se 
_ tartrate base solution of pH 3-7. The polarographic method is more useful than the absorptio- cs ; 
_ Metric methods when the complete analysis of the sample is required, since traces: of iron a 
copper, cadmium and zine can be determined in the same solution. 
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CAL "ANALYSIS. A 
en. most suitable procedure for bismuth when present as a major alloying constituent 
_ involves titration with EDTA. Several indicators are available for the direct titration and | 
jie: moreover, since the bismuth - EDTA complex is readily formed in solution having low pH 
_ Values, this determination can be carried out in the presence of many other elements witha | 
- interference. _ Schw yarzenbach* and later Cheng used potassium iodide as indicator, the | 
titration with EDTA being | carried out until the bismuth iodide colour is just discharged, 
_ The sensitivity of this end- -point is dependent on the potassium iodide concentration and the [ 
pH of the solution. The yellow colour given by bismuth with thiourea is also suitable in | 
ee titrations with EDTA.” Pyrocatechol violet® is another indicator available for this titration, | 
a reddish colour being produced on the addition of a few drops of a 0-1 per cent. “slate 
= to a bismuth solution in the pH range from about 1-0 to 3-0. a _ At the end-point of the titration 
: an with EDTA the colour of the solution changes to yellow. _The following elements can 
a. _ present without causing interference: Pb, Cd, Cu, Ag, Al, Zn, Co, Ni, Mn, Ca, Mg and U. 
i a Milner” and Edwards® found this titration very convenient for the determination of the 
“i a bismuth content of bismuth - uranium and bismuth - 1 - uranium - thorium alloys, the thorium 


me _ Methods for the determination of microgram amounts of boron i in certain materials used 


in otaanic-enengy work have been extensively investigated in recent years because of the high 


- the United Kingdom project has been developed at the Woolwich ubabibers: formerly 
of the Chemical Inspectorate, Ministry of Supply, now of the U.K.A.E.A. Research Group, 
by Strickland, Oliver, Allan, Strachan and Spicer,® and it is based on the work of Naftel# 
who measured the red colour produced on evaporating to dryness a mixture of curcumin, 
oxalic acid and hydrochloric acid with boric acid in aqueous alcoholic medium. | This: method 

_ is extremely sensitive, but careful control is necessary to obtain reproducible results. . Spicer | 
= re egal ** have established that the coloured product contains boric acid in chemical | 

iplexes of the following 

i: (i) ‘rubrocurcumin, which is ‘com mposed of a curcumin residue, one boron | 

and one oxalate radical, and (#1) rosocyanine, which consists of two curcumin residues 

and one boron atom. The absorption spectra for these two complexes are similar in the 

range 400 to 600 my, and their absorbancies at a wavelength of 550 my for equal amounts | 


1h % of boron are in the ratio of 1-64 to 1 (rosocyanine to rubrocurcumin). = j= ~~ & 
—s The: coloured complex is normally formed after the selective separation of the boron 


i from the other consituents of the sample by distillation as methyl borate. _ The distillate is 
collected in a platinum dish, sodium _ hydroxide - glycerol solution is added and, on 
- completion of the distillation, methanol and water are removed from the distillate by gen 

ne Pee heating until a glycerol residue remains. The glycerol is in fact used to prevent excessive o 
ee loss of boron as its methyl ester during this. evaporation. It unfortunately causes interference 

, ‘am in the subsequent colour reaction and must itself be fumed off and the residue ignited under 
E roe controlled conditions. A 4 per cent. loss of boron is reported during the evaporation and 

a ignition stages, but there is some evidence that suggests that on occasions this loss may, 

, odes in fact, be greater. In the development of the boron - curcumin colour on the dry sodium 
, : hydroxide residue, the temperature and humidity of the ambient air must be controlled, 
é = ee since they influence the final colour intensity. (  Saieatle control is effected by floating the 


ogether with a reagent solution 


5 bath as measured by a thermometer shielded from direct radiation and fate vertically 
B with its bulb 2 inches above the surface of the water should exceed 35° C. The air temperature 
Ns, is conveniently maintained at such a value by placing the water bath symmetrically upon 4 

_hot-plate in a semi-enclosed space so that a column of warm air surrounds the bath. Itis 
_ necessary to protect the surface of the bath from direct sunlight or radiant heat and | this is 
= ed Py a sheet of stabil or about 12 inches above the bath. This 
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‘Glycerol - ‘sodium lg of AnalaR- hydroxide 
+ 0-3 ml of pure glycerol in 100 ml of redistilled water. | 


Stock aqueous et ethanol—Fill a Litre. calibrated flask to the mark with absolute 


mix well. Note the and adjust it to between 15° and 20°C. Mensere. 
the specific gravity with a clean hydrometer calibrated in the range 0-7600 and 0- = 
cg O0P F. Add further small quantities of distilled water until the specific gravity | 
(corrected f for temperatures above 15° C by adding 0-0008 per degree) is 0-809 + 0-0005. 


gens (tt) Colour reagent—Transfer about 300 ml of the aqueous ethanol from the flask — : 
ale a clean measuring cylinder and then add 15-0 g of AnalaR oxalic acid dihydrate to_ 5 Oe 
the aqueous ethanol left in the flask. Also put into the flask 15-0 ml of AnalaR hydro- 
a acid, sp.gr. 1- 16, from a burette and 85 ml of distilled water. When all the 
oxalic acid is in solution, add 1-00 g of recrystallised curcumin and make the volume 
Breer the solution up to about 950 ml with the stock aqueous ethanol previously removed ~ 
the flask. Dissolve the cur 
: a, or no more than a trace of solid remains, cool to 20° Cc aaa adjust the volume to the mm 
1-litre mark with the stock aqueous ethanol, et! 
No. 2 curcumin colour reagent—This reagent is for the determination of traces of boron — 
| (less than 5 yg) and i is prepared by the same method as the No. 1 reagent, but from 15 g of es 
AnalaR oxalic acid, 30 ml of acid, ‘Sp. of water 
5g of recrystallised curcumin. 
Tothe methanolic distillate containing less than 30 yg of boron in a 3 or 34-inch diameter 
platinum dish, add 0-5 to 0-6 times its volume of distilled water and 2 ml of the glycerol - ats 
sodium hydroxide solution. Place the platinum dish upon a water bath maintained at — ae 


g : 85° to 90° C and evaporate the solution to dryness. (Note 1.) Heat the dish at a tem- 


_ perature between 150° and 250°C on a hot-plate to remove most of the glycerol. Heat 
_ slowly and take 10 to 15 minutes over the process. . Then heat gently over a bunsen flame 
to remove the last traces of glycerol and finally raise the temperature to a dull red heat e a 
- Maintaining the dish at this temperature for about half a minute. (Note 2.) For normal | Pets. 
_ determinations add 10-0 ml of No. 1 curcumin reagent from a pipette, rinsing the sides of the © me 
dish with the liquid as it enters. Float the dishes upon the surface of the “colour develop- — a 
_ ment” bath and, from time to time during the first 5 minutes of heating, gently swirl the liquid — is Se by 
; in the dish to complete the solution of the residue. Afterwards leave undisturbed until the _ 
contents of the dish are dry. Heat for a further few minutes until most of the hydrochloric = 
_ acid vapour has been driven off (at least 3 minutes should be given from the time of going i 
_ dry, but no harm is done if heating is prolonged up to at least 45 minutes). Cool the dish | 
; oe add about 10 ml of industrial methylated spirit (approximately 90 per cent. of ethanol af 
using a rubber- -tipped glass rod to assist complete solution. + (Note 3.) Transfer the solution — 
_ to a 50-ml calibrated flask and rinse the dish thoroughly with industrial methylated ae 
-iildent being used to extract all coloured matter from the dish and to dilute the solutionto _ 
thecalibration mark. Mix the solution and filter a portion through a small dry Whatman No. = te 
-filter- ~paper into a suitable absorptiometer cell. Measure the absorbancy of the solution with o 
a! Spekker absorptiometer, using a mercury-vapour lamp, H503 heat-resisting filters and — 
Ilford No. 605 filters. Correct this value for that of a blank determination carried out on ai “ 
all the reagents, using the same quantities and identical conditions as in the test determination. — 
_ Refer the corrected absorbancy to a calibration graph to determine the number of f micrograms 


fe syle _ At this stage there is a slight loss of boron, which is nearly constant at 4 per cent. and cannot — 
be prevented by any practicable procedure. For the most accurate work, therefore, a correction on 
4 per cent. should be added to the final boron figure. oh 
2. If fusion should occur during the heating process, the fused salt should be dissolved in the bare | 
inimum of water, which is prevented as far as possible from creeping up the sides of the dish. This Ps 
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solution is evaporated gently to dryness | on the: water bath and the residue is ‘dried a 
at about 100°C before colour development. 


foes 4 Extraction with this grade of methylated spirit is often convenient and economical, but 


pure ethanol be used od prov: ided that | it not more than 25 or than 5 5 per cent. of water 
by volume. 


an ___ Prepare a a standard boron solution by | dissolving 1-43 g of AnalaR ‘bates acid in water | 
ana diluting to a volume of 250ml. For use, dilute 2-5 ml of this solution to 250 ml with 
_ water so that 1 ml is equivalent to 10 pg of boron. Add the standard quantities of boron 
_ shown below to 3 or 33-inch platinum dishes each containing 2 ml of the glycerol - sodium 
ioe solution. Then add 4 ml of pure methanol to each dish and evaporate each solution 


five at a low temperature (about 70°C) until the bulk of the methanol is removed and finally 

to dryness on a water bath maintained at 85° to 90°C. Continue the colour development 

take absorbancy measurements as described above. For 5-0, 7-5, 10-0 ,12-5 and 15- 0-ug 

oe. rie _ amounts of boron, measure the absorbancies with 1 and 2-cm cells. Using the same cells, 


=——- the reagent blank (2 ml of glycerol - sodium hydroxide reagent and 4 ml of methanol 


only) and plot the corrected abeorbancy values against the boron content to produce linear 
This method has been applied to the determination of traces in n uranium metal* 
The recently pu published method” used i in n Fr Atomic ‘Energy Establishments for the 
is formed, however, in conditions by Philipson, 60 in trichloro- 
ci? acetic acid is used instead of oxalic acid, and this procedure appears to be simpler than that 
used in this country. In the method for the analysis of beryllium oxide and uranium, the 
% boron is first separated from other constituents of the sample by extraction into chloroform 
as tetraphenylarsonium fluoborate and the solvent phase is transferred to a platinum dish. 
_ After the addition of 15 drops of 0-1 N sodium hydroxide and one drop of phenolphthalein, 
_ the dish is placed under a special heater and the solution is evaporated to dryness. Solution 
_ of the residue is effected in 1 ml of N trichloroacetic acid and, after a waiting period of 
BE 10 minutes, 1 ml of 95 per cent. ethanol is added to this solution. The contents of the dish 
a are then thoroughly mixed and 1 ml of a 0-125 per cent. solution of curcumin in ethanol is 
added. _ The coloured ‘complex is formed by placing the dish in an oven at a temperature 
of 105° + 1°C for a period of 60 + 3 minutes and the residue is then extracted with ethanol. 
ee This solution is diluted to a volume of 25 ml and the boron content is found from absorbane 
readings taken at a wavelength of 540myp in I-cmecells. 
For the determination of milligram amounts of boron the volumetric method based on 
the formation | of mannitoboric acid and titration of this ‘complex with standard sodium 
hydroxide i is widely used. This method is suitable for the determination of the boron content 
of boron metal* after fusion of the sample with sodium carbonate and solution of the melt 
_in diluted hydrochloric acid. The pH of this solution is adjusted to a value in the range 
a) to 5-5 by the addition of sodium hydroxide and, after warming to 60° + 5°C, carbon 
ce _ dioxide is removed by the passage for 30 minutes of air that has been purified by passing 
through concentrated sulphuric acid and Ascarite. The sample solution is then allowed to 
_ cool and is diluted to a suitable volume. An aliquot containing about 60 mg of boron is 
Ne transferred to a 600-ml beaker, this solution is diluted to a volume of about 250 ml with 
Rae water free from carbon dioxide and its pH is adjusted to a value of 6-3 by the use of carbonate- 
free 0-05 N sodium hydroxide. On the addition of mannitol to this solution, the pH decreases 
; ae. markedly, owing to the formation of mannitoboric acid, and the titration procedure consists. 
hae, in adding standardised 0-1 N sodium hydroxide from a burette until the initial pH value 
Of 6-3 is restored. > The sodium hydroxide solution is preferably standardised against pure 
= boric oxide, the amount taken being adjusted to give gape g the same ‘titre 
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ov. MILNER: NON-FERROUS 
the analysis of boronised iron, nickel, cobalt and copper and 
used mercury-cathode electrolysis to isolate the boron before 


This element occurs in non- alloys either as a mii r alloying constituent 
or as a trace impurity. _ Polarographic methods are the most convenient for the determination — ‘ 
! of this element, since it | gives well defined steps in many different base electrolytes, including ney 
BP iss and alkaline solutions. Alloying amounts of cadmium are present in certain types of is 
— -base alloys and a polarographic method is available for this determination. = The 
well defined step from an alkaline cyanide base solution is used, since under these conditions Be 
copper is so strongly complexed with cyanide that no interference is encountered. Slight 
difficulty occurs with samples containing manganese, which is gradually precipitated from 
7 the kaline solution, and with alloys containing more than 1 per cent. of this constituent, — 
it is necessary to include. ammonium citrate in the final solution to repress its precipitation. | 
_ Alloying amounts , of cadmium are found in silver-base alloys and the amount of this con- | 
| stituent can be determined directly | by recording the step from an ammonium hydroxide- _ 
j 4 ammonium chloride base solution. There is no interference from silver under acl 


| 


. For the determination of trace amounts of cadmium (less than 0-005 per cent.) in zinc- 


base Mazak alloys, a direct polarographic method is applicable to a hydrochloric acid an 
q of the sample after the preliminary reduction of ferric iron with hydrazine hydrochloride. = = 
This direct hace is possible because the copper, lead and tin ng istered are also very ts 


of the and cadmium steps in the chloride base solution this is best 
overcome by using a cathode- ray polarograph, which | gives a better resolution than the 
conventional polarograph.® 85 The determination of the cadmium content of aluminium alloys 
is only very occasionally ane but when it is needed a polarographic method is the most 
_ Suitable. This is not a direct procedure because of the presence of alloying amounts of © 
- copper, which must be removed before the cadmium step is recorded by conventional polaro- — 

_ graphy. Inthe recommended method copper and lead are removed from a nitric acid solution 
alein, of the sample by electrolytic deposition on platinum electrodes. Then the cadmium step 


_is recorded after the reduction of iron with hydroxylamine hydrochloride. This procedure — 
a is applicable to all types of aluminium alloys, but it should be possible to simplify this deter- ie 
mination by the use of square-wave polarography.® determination of the cadmium 

a content of tin-base white metals is readily accomplished by conventional polarography after 


ature the removal of the tin and the antimony as their volatile halides; the cadmium step is recorded © 
anol. ‘ rom an ammonium chloride - ammonium hydroxide base electrolyte. 7. Ber alloys with high 
ancy _ copper contents the preliminary removal of this constituent by the precipitation of cuprous 


_ iodide is also necessary before the cadmium step is recorded. This determination is con- _ 
_ siderably simplified by the use of square-wave polarography.® 67 After the removal of the | 
tin and antimony, the cadmium peak is recorded directly for the resultant solution in the 
presence of a chloride base electrolyte. There is no need to remove the copper from solution _ 


melt and, in fact, the copper and lead contents of the sample can be determined at the same time. _ 
ange | For traces of cadmium in pure lead metal, the polarographic method involves solution of the _ 
rbon _ Sample in nitric acid, - followed by precipitation of the lead by the controlled addition of 


sulphuric acid.68 ~ After the removal of the precipitate, the solution is made 1-5 M in am- 


ssin 
od -Mmonium sulphate, 0: ‘1M in ammonium carbonate, 0-5 M in ammonium hydroxide and 
onis § 0-005 per cent. in gelatin, and then the cadmium step is srecorded. This method is also saitabe 
with - for the determination of the copper, nickel and zinc contents of the sample, in addition “_ 
nate- 4 x the cadmium, provided that the polarogram is recorded from zero applied voltage to record 


; Absorptiometric methods are available for the of trace amounts of 
value | #§ im various materials. They are based on the coloured complex formed by cadmium with = 
pure Zz , Which is separated by solvent extraction. _ The complete procedure consists ee 


several extractions. In a preliminary extraction the cadmium is separated with a 0-1 per 
cent. solution of dithizone in carbon tetrachloride from an ammoniacal solution of the sample © 
(PH 8 to 11) , containing a hydroxy aci acid, if aces to prevent t the fc formation of a —_—- ae 
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from alkali and then extracted with volumes of 0-01 M acid, 
: The cadmium passes into the acid layer along with bismuth, lead and zinc. Final separation 
<ham eae is effected by making the combined acid layers approximately 5 per cent. alkaline with 
< * sodium hydroxide solution and then re- extracting with the carbon tetrachloride solution of 
ae _dithizone. The resulting extract is pink owing — to the cadmium in the sample, and the 
amount of this constituent is found from absorbancy measurements. This procedure is 

-_ eupleyed for the determination of traces of cadmium in lead,® and a slightly modified form § 

_ is used in the analysis of tin2! In this method copper and iron are first removed by extraction 

of their cupferrates with chloroform and, after the destruction of any traces of cupferron 

in the aqueous solution with bromine water, the cadmium is precipitated as the brucine- 
cadmium iodide complex. The extraction of this complex into chloroform effects the 

~ separation of the cadmium from nickel and zinc. _ The chloroform layer is extracted with 
dilute hydrochloric acid and the cadmium - dithizone complex is formed as before, after 

_ making the solution alkaline with sodium hydroxide. It is possible to determine only | the 

_ cadmium content of the sample with this type of absorptiometric procedure. The polaro- 

_ graphic methods are potentially more useful, therefore, when th the Complete. analysis of of lead 


and tin samples is required. 


at ob ie determination of small alloying amounts of this element is readily accomplished 
+ by absorptiometric methods based on the oxidation of the chromium to its sexavalent state. 


This oxidation can be effected by any one of several methods, the most common involving 
_ fuming the meee sa with perchloric acid or oe the sample solution with — | 


‘ stituent is readily removed, however, by the selective seduction of the permanganate ions 
_ with sodium nitrite in the presence of urea. In an absorptiometric method for chromium — 

P in nickel-base alloys,”® the chromium is oxidised by fuming with perchloric acid in the presence | 
‘aa of phosphoric acid. — Although manganese is only partially oxidised under these conditions, — 
. _ it is still necessary to discharge the permanganate colour with sodium nitrite. After measure-— 
i oy: - ment of the absorbancy of the oxidised chromium solution, the chromium is reduced with 
acid and the is re-measured, the difference in absorbancy 


diminished ‘the addition of phosphoric acid to the A 
of diphenylcarbazide in acetone is preferable to those in ethanol or acetic acid, since it is 
more stable. In the author’ $ experience” this procedure is suitable for the determination 


___Polarographic methods are also available for the determination of small alloying : amounts 

of chromium, since a well defined step with an E; value of —0-85 volt against the S.C.E. 

is produced by chromate ions from a sodium pp Y base s solution.” This step is used 


solution of the ina mixture of and nitric acids, followed evaporation 

_ to fumes of sulphuric acid. Then the chromium is oxidised by boiling with ammonium f 

_persulphate and the hot solution is added dropwise to sodium hydroxide solution. After 

3 boiling, any precipitate is separated and the polarogram is recorded on a portion of the filtrate. : 
_ For samples with greater copper contents, a preliminary separation of this element is carried 


_ out by electrolysis. The same Leap a2 step is used for the determination of aim | 
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is determined titration with a standard potassium permanganate solution a 


~ pink colour is produced, persisting for at least 1 minute. Vanadium is the only element - 
cause interference; it slowly re-oxidises and causes a fading end-point in the permanganate _ 
4 titration. Vanadium is not, however, a normal constituent of non-ferrous 


7 


accurat 
7 


Small amounts of cobalt are readily determined by absorptiometric methods based on \ 

e coloured complex by this element with nitroso- R salt. T his complex is formed 


and the complexes with other heavy metals are decomposed by boiling with 
“nitric acid for about 1 minute, and the cobalt content of the sample is found from the _ Rtas 
absorbancy of the solution measured at a wavelength of 510 mp. The method is essentially = __ 

F specific for cobalt, and it has been used for the determination of this element in aluminium ay 
76 tin metal* and beryllium salts.” The absorptiometric procedure is more suitable 
for general metallurgical analysis than the polarographic procedure, in spite of the fact that 

q cobalt gives well defined polarographic steps. The step for the reduction of Co*+ to Co*+ is 
potentially more useful and subject to less interference than that for the reduction of Co*+ po 
_ to the amalgam. However, this involves the prior oxidation of the cobalt and the removal __ 


a Volumetric methods are available for the determination of alloying amounts of this J 


is ‘solution by the addition of a standard potassium ferricyanide solution in slight excess, the © 
- amount in excess being titrated with a standard cobalt solution.”* The end-point is deter-_ 

f mined potentiometrically, when there is a change in potential of about 200 mV. ” When ae 

= ions are included in the sample solution to prevent the formation of page precipi- a a 
tates, this titration is applicable in the presence of iron, nickel, copper and soon. Yardley’? ie aa 


formulated the best conditions for obtaining for cobalt results of the highest accuracy 
by this procedure. _ In alloy analysis Milner and Macara® found this titration eminently La 
suitable for the direct determination of the cobalt content of uranium - cobalt alloys, whilst a “he 


_ Chirnside, Cluley and Proffitt! used it in the analysis of nickel - cobalt - iron alloys used : 
in glass-to-metal seals. Recently this titration has been modified by the replacement of 
the ammonia with ethylenediamine.* By this means the potential break at the end-point — - 
is increased to about 600 mV, and this improved sensitivity at the end-point has resulted | < 
i in the development of direct titrations. Diehl and Butler, for example, used a direct titration | 
for the determination of the cobalt content of beryllium - cobalt bronzes. For the analysis ro ae 
of silver-bearing bronzes es they found the back-titration procedure more suitable. 
The by copper with sodium diethyldithiocarbamate is very = 
sensitive and suitable for the absorptiometric determination of this element. vec 
q 


_ copper reacts with sodium diethyldithiocarbamate in either acid, neutral or alkaline solution, 
the: ammoniacal conditions are the most important, since they inhibit interference from _ 
nickel. Under these conditions, however, the tendency for the copper complex to be pre- 
pia increases with the ammonia concentration. Because of the low solubility of the oa 


the frst case the copper diethyldithiocarbamate is formed in the presence of tartrate 
to maintain the tantalum in solution, ecg with uranium metal the major constituent — cy 
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ae atone to determine the copper content of lead-base alloys and iron - nickel - copper 
Re alloys very readily. For traces of copper in pure tin, Coppins and Price®! prefer the coloured _ 

complex produced by copper with rubeanic acid, with gum arabic as the stabiliser. The 
ap preliminary removal of the tin as its volatile bromide is necessary in this method, ~which 
_ 1s suitable for copper contents in the range 0-002 to 0-04 percent. 
Although polarographic methods are available for the determination of the copper 
content of many non-ferrous alloys, these methods offer no outstanding advantages over 
_ the absorptiometric methods, except in a few cases. The polarographic method is useful " 
_ for the determination of traces of copper in high-purity zinc and Mazak alloys.“ The copper | ‘ 
ca step is recorded directly for a solution of the sample in hydrochloric acid after the reduction 
rf of iron to the ferrous state with hydrazine hydrochloride. _ The lead, tin and cadmium § 
-_ = can also be determined in this solution of the alloy. Ina method for traces of copper 9 ] 
aes in pure tin, the copper step is recorded from a tartrate base solution after the preliminary : 
a of the main constituent as its volatile bromide.** This method is more useful than F_ 


> 


~ 
& 


i the absorptiometric method when a full analysis of the sample i is needed, since the bismuth, 
__ Jead, cadmium and zinc contents can be determined in the same solution. For samples 
ai | g very limited supply, this determination is readily carried out with the square-wave polaro- 
2, graph. Ferrett and Milner®’ applied this instrument to the determination of the copper, 
_ lead, indium and zinc contents of a pure tin sample, using a total sample weight of 50 mg. 
In the analysis of tin - antimony - lead solders for copper, Faucherre and Souchay* prevented 
pi interference from the major constituents by incorporating EDTA in the citrate base solution 
_ ofpH9. A polarographic method for traces of copper in refined lead involves the precipitation 
-: -- of the lead as its sulphate, the polarogram being finally recorded from a tartrate base solution® | 
gy ‘Iti is possible to determine the iron, bismuth, cadmium and zinc - contents of the — simul- | 


‘The determination ont this. as a major is con- 
; a carried out by electro-deposition, the copper being plated as metal on to a weighed 
¥ cylindrical cathode from a weakly acid solution of the sample. This method is accurate. 
The plating can be carried out from a sulphuric acid ora nitric acid solution or one containing 
_amixture of these acids. It is frequently directly applicable to acidic solutions of non-ferrous 
i omag since tin and antimony are the only constituents that must be removed before the 
a Ai electrolysis. As mentioned in the introduction, the potential of the cathode must be con- 
E trolled for the deposition of copper from hydrochloric acid solutions.* After the deposition 
oe x of the copper from solutions of copper-base alloys by this method, the determination of many f- 
x, other alloy ermeereied can be readily carried out by either polarographic or absorptiometric § 


i nc determination of the gallium content of alloy solutions is greatly simplified because 


+8 a the extractability of this element from chloride-containing solutions with organic solvents. 
Although diethyl ether is the usual solvent for this extraction, many other organic solvents 
- aa are just as suitable. After the extraction of the gallium from the organic layer back into 
ty a water, the determination of the gallium content is readily accomplished by direct titration 
with EDTA, with gallocyanine as the indicator.*! This procedure is suitable for amounts 
es of gallium ranging from 0-25 mg to at least 50 mg, and it should find general application in 
ee alloy analysis. — Ferric iron unfortunately interferes with this method, since it is extracted 
_in the solvent-extraction process and also consumes EDTA in the titration procedure. “For 
alloys containing this constituent, therefore, a gravimetric method involving the precipitation 
oe _ of the gallium as its camphorate appears to be more suitable. When the iron is in the ferrous 
28 state, it does not interfere in the precipitation of gallium camphorate and the determination 
7 can then be completed by filtration through a tared No. 4 sintered-glass crucible, followed | 
_ by drying at 110° C and weighing. In favourable circumstances the gallium content can be | 
determined without any preliminary chemical separation, and the author found this to be | 
true i in the analysis of uranium - gallium binary alloys.** Uranyl ions do not form complexes _ 
ue with EDTA in solutions having pH values of less than about 4, so that conditions can = 
chosen in which the gallium forms complexes with this The recom- 


to 


4 
| Ne 
al 

oe 
4 
| 


v., | MILNER: NON-FERROUS METALLURGICAL ANALYSIS. A REVIEW : 

£ . standard ferric iron solution, with potassium benzohydroxamate as the indicator. — It is 
_ impossible to detect the end-point visually because of the yellow colour of the uranyl ions, 

this difficulty is by employing the photometric method of end-point 


| Although there is a negligible amount of information in the literature on the determination or 
of trace amounts of gallium in non-ferrous materials, the absorptiometric method in which | 
_ thodamine B is used should be applicable after the preliminary extraction of the gallium 
from chloride solutions with diethyl ether. By carrying out the solvent extraction in the terra 
_ presence of titanous chloride, the gallium is separated from most other elements, and the =— 
few that are co-extracted (e.g., germanium and tin) do not react with the rhodamine B. 
_ After the ether extractions, the extracts are combined and the ether is removed by evaporation. — 
The gallium is then dissolved in 6 M hydrochloric acid, and it is extracted from this medium 
| into benzene as rhodamine-B chlorogallate. _ The determination is completed by measuring F/ 


preliminary separation is necessary for the ‘determination of amounts of 
ement in non-ferrous materials and the extraction of the indium - 8-hydroxyquinoline — 
complex with chloroform from sample solutions in the pH range 3-2 to 4-5 has so far ‘been — 

employed. % Although the indium - 8-hydroxyquinoline complex has a strong yellow colour pap 
in chloroform solutions, this is not suitable for the direct absorptiometric determination of _ Fi 
indium because of the similar behaviour of many other elements, including Al, Ga, Bi, oe 
and Sn". For the determination of traces of indium in beryllium salts, the author® used fig 

. polarographic method to determine the indium content after the extraction of its is 
8-hydroxyquinoline complex. In this procedure the organic extracts are combined together — . os 

and chloroform is removed by distillation. Then organic matter is is destroyed by wet oxidation, a 

= heat is applied to drive off the sulphuric acid completely. The residue is dissolved i in i Be 


acid, and iron and molybdenum, if present, are removed by extraction with 


ey ether. ~ The indium content of the aqueous solution is finally determined by conven- & te 
If a square-wave polarograph is available for this determination, it should be possible to leave ¥ 
= the extractions with diethyl ether. Ferrett and Milner®’ also found this polarograph _ 
 glibable for the determination of traces of indium in pure tin metal, after the preliminary sie 
removal of the major constituent as its volatile bromide. — Cadmium unfortunately gives a 
a _ peak almost coincident with the indium peak in a chloride base solution and the chemical ae 
4 ‘Separation of these elements is necessary in the analysis of samples containing both con-  __ 
_ stituents. The cathode-ray polarograph is more suitable for the simultaneous determination © See 
_ of these two elements because oF the slightly improved separation obtained with this 
For instance, and Rossotti% cted the ‘separation “Ot 
7 from m ‘aay elements by extracting its iodide complex with diethyl ether. For alloy analysis" 
the most convenient solution conditions are produced by making a sulphuric acid (1-5 - 
- solution of the sample 1-5 M in potassium iodide before carrying out the extraction process. 
a This procedure separates indium from many elements, including gallium, beryllium and ferrous - 
tron. Bismuth, copper, zinc, mercury and antimony are partly extracted with the indium, — 
E 4 ‘Waniees cadmium and stannous tin are completely extracted. Volumetric methods are avail- 
able for the determination of milligram amounts of this: element. One suitable method 
involves the titration of the indium (2 to 80mg) with a a standard ferrocyanide solution, 
_ the amperometric method being used for detecting the end-point.*” This titration is best — 
4 carried out in a 0-1 M potassium chloride base solution at an applied potential of —0-75 volt 
against the S.C.E. Other methods are based on the very strong complex formed by indium — 
4 with EDTA (log K = 26). Flaschka and Amin succeeded in titrating indium directly in 
ammoniacal solutions containing tartrate ions by using Eriochrome black T as the indicator. — 
. If mercury, copper, cadmium, zinc, cobalt or nickel are also present in the sample solution, - 
a ey can be readily masked as their cyanide is to titrate the indium — 
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with in solutions of pH 5 when is as the indicator. This indicator 

. se causes the indium to fluoresce in ultra-violet light, and the procedure, therefore, consists j 


- Absorptiometric methods are suitable for a determination of this element when 
ee: 7 meatienh in small alloying amounts in non-ferrous alloys. Many methods are based on the 
coloured complex formed by ferric ions with thiocyanate ions. Unfortunately, this complex 
is susceptible to variations in acidity, thiocyanate reagent concentration and temperature, | 
but when these factors are controlled good results are obtained. Methods are available for 
the determination of iron in aluminium-base” and magnesium-base alloys,“ ® beryllium salts 
= __ and copper-base alloys after the removal of copper as its insoluble oxalate. These thio- | 
Ve cyanate methods are not very convenient for routine control analysis, because of the necessity 
for strict: controls, and in recent years methods in which use is made of the ferrous - o-phen- — 
anthroline complex have proved more satisfactory. _ This complex is free from the use of — 
2 ay controls, since it is unaffected by wide variations in reagent concentrations, exposure — 
: to light and to normal changes in temperature. Such methods are so far available for the 
analysis of aluminium-base alloys, pure and tantalum metal.® Ferric ions also form 
. _ coloured complexes suitable for the absorptiometric determination of this element with several 
other reagents, including thioglycollic acid and 2:2’-dipyridyl™® 


a * _ Although well defined steps are obtained for ferric ions from a variety of base electrolgial | 
ae _ there are few instances in non-ferrous analysis where the polarographic method is as useful _ 
2 as alternative methods. With copper- -base alloys, it is necessary to remove the major con-— 


-__- stituent in the absorptiometric method. The same separation is also needed in polarographic | 
q 


is analysis and a method proposed by Meites!® j involves the removal of the copper by reducing 
—— ‘ to the metallic state through | shaking a hydrochloric acid solution of the sample with 
amalgamated zinc. Iron and tin remain in the filtrate in their reduced states. After oxida 


RE a! ao tion of the solution with potassium permanganate, the iron step is recorded from a citrate 
3 = c.. a base solution of pH 5. A citrate base electrolyte is also used in a direct method for the deter- 

: a Ze mination of iron in zinc-base alloys.“ - For the analysis of tin - antimony - lead solders,” 

3 ot ith EDTA is included in a citrate base of pH 5. Under these conditions ferric ions produce a 

= step before those for copper and bismuth, and this step is suitable for the determination of 

Bis _ the iron in this type of material. Ina method for iron in nickel-base alloys, a preliminary § 

separation of the iron is carried out by precipitating it with amonium hydroxide. _ After 


7 . ‘filtration, the precipitate is dissolved in hydrochloric acid and the iron step is recorded from 
4 iy base electrolyte consisting | of 03 M triethanolamine, (10M ammonium hydroxide and 

z pat Volumetric methods are satisfactory for the determination of iron in alloys when it is 
B ae present as a major alloying constituent. — The usual method involves the reduction of the 


iron in hydrochloric acid solution with stannous chloride, followed by titration with standard : 
_ potassium dichromate after removal of the excess of the reductant by the addition of mercuric 
_ chloride. Before this type of procedure can be applied, however, the preliminary separation — . 
of the iron from other alloying constituents is frequently necessary. _ For example, in the 
on analysis of nickel - cobalt - iron alloys, Chirnside, Cluley and Proffitt* * separated the iron from | 
_ the other constituents. by the classical basic-acetate precipitation method. _ After filtration, 
the precipitate is dissolved in hydrochloric acid and the reduction with stannous chloride is _ 
es _ The selective separation of iron in metallurgical analysis is now, however, preferably — 
achieved by solvent extraction, and these methods are considered in an excellent review by - 
West. Another volumetric method for iron employs titanous chloride as the titrant; this _ 
is added directly to ferric iron in sulphuric or hydrochloric acid solution until the red colour 
_ formed by iron with thiocyanate is just discharged. This method is more useful when oe 
a samples are received for analysis, because m the precautions ‘Recessary for the > storage 4, 


Trace amounts of this | can be readily determined by a based 
Se ~ on the extraction of the lead from other constituents with dithizone. _ The lead is extracted — 
; strongly cyanide - citrate sol solutions, which the excess of 
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a traces of lead in “tek "brent, zinc-base alloys and tin- Sums white metals, and come 
_ Polarographic methods are the most suitable for small amounts of lead in n alloys oe ‘ae 
2 the separation of tin as metastannic acid in the analysis of copper-base ‘alloys, the copper 
4 is complexed with cyanide ions and the lead step is recorded from an alkaline cyanide base 


‘a electrolyte.!°?,08 This method is direct and very much quicker than the usual gravimetric — 


method. For lead in aluminium alloys the step from a hydrochloric acid base electrolyte _ 


ae _ is used.’ Under these conditions ferric iron and copper give steps that precede theleadstep 
io i 4 and often cause difficulty in alloy analysis. In the recommended method, therefore, any a 
it : ; ferric iron is reduced to the ferrous state and copper is removed from solution as the insoluble _ 

cuprous thiocyanate. __A slightly modified form of this method is applicable to 


alloys."° A chloride base electrolyte is also suitable for lead in zinc-base Mazak alloys. “a 


ait This determination i is direct, and it is more useful than the dithizone method for the complete ; 
the 4 analysis of samples, since copper, cadmium and tin can be determined simultaneously. " 


Similarly, copper and cadmium can be determined at the same time as lead in the analysis © 
of tin metal and tin-base white metal.*? The preliminary removal of. the tin as its volatile — 
_ bromide is necessary, and a square-wave polarograph is most suitable for white metals, since 
the copper content of these alloys is invariably greater than the lead. With a chloride Pe 
base electrolyte, well separated peaks are obtained for copper, lead and cadmium. _Achloride 
_ base solution is recommended for traces of lead in cobalt metal and salts and in cadmium bei 
For the determination of large alloying amounts of lead, it is usually necessary to separate 
: - the lead from other constituents as its insoluble sulphate. ~The lead sulphate can be collected 
ona weighed sintered-glass crucible and then dried to constant weight after suitable washing. — e 
j An alternative method involves re-solution of the lead sulphate precipitate in ammonium “te 

acetate, followed by titration of the lead with | ammonium molybdate, with a 0-5 per cent. — 
solution of tannic acid as the external indicator®* The titration of lead is now, however, 


on _ more suitably carried out with EDTA, since an internal indicator can be used. uz’ The lead es ‘- 
a _ sulphate precipitate is first dissolved in an ammonium hydroxide - ammonium chloride buffer Pe 


solution of pH 10 containing Rochelle salt. Then a small quantity of a 0-2 per cent. solution 


fer ‘5 of Eriochrome black T in triethanolamine is added and the titration with EDTA is carried out 
a me the indicator colour changes from red to blue. In certain special alloys the a 
: separation of the lead may not be necessary, because the EDTA titration can be carried out % 


in the presence of Hg, onal Cd, Cu, _ and Ni when these are complexed with cyanide. 


j eee and those based on the red lake formed with titan ae in the pH range 12 to 13 
4 advocated, since apparently this is less to interference from 


ion, 
e and then the amount ammonium is added to give the desired value. 
bly * . he use of this reagent in alloy analysis i is not very convenient, therefore, unless a preliminary . : 
by separation of the magnesium as its insoluble hydroxide is needed. Challis and Wooe* 
= AT 4 confirmed this in an investigation of methods for the determination of sunencsianeh in titanium- we 
our base materials. With alloys containing aluminium, manganese and chromium as 
_§ Constituents, it proved necessary to carry out separations with cupferron and chloroform, : 
zinc oxide and potassium permanganate, and finally the magnesium was recovered by pre- 


cipitating it as the hydroxide. After this separation procedure, the Solochrome cyanine 
~ method i is applicable and is preferred by these workers. For traces of magnesium in titanium: 
¥ ‘Sponge, however, the titan yellow method is more suitable, because fewer chemical separations 
are needed. After the removal of titanium by cupferron - chloroform extractions, organic ii 
ot in the aqueous layer is destroyed by wet oxidation and the titan sie colour is then = 
formed in a portion of this solution 
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‘id up to > 12 per magnesium, is 
att ‘damian volumetrically. A well established method involves the precipitation of the 
a. ne magnesium with 8-hydroxyquinoline, followed by the usual bromimetric titration procedure” 
_ It is necessary, however, to carry out a preliminary separation of the magnesium, and the 
usual method involves the solution of the sample in sodium hydroxide, which separates the 
7 magnesium, copper, nickel, iron and manganese as an insoluble residue. This residue is 
on dissolved in nitric acid and, after the separation of iron, manganese and residual aluminium, 
i” be cyanide is added to the solution to » complex copper and nickel, and the magnesium is pre- 
aa cipitated with 8-hydroxyquinoline. Another volumetric method for magnesium involves 
Boe. direct titration with EDTA, with Eriochrome black T as the indicator." Although heavy 
: eae _— metals such as copper and nickel do not interfere when complexed with cyanide, the 
‘magnesium must be separated from other “alkaline earths. This titration is applicable to 


ae = aluminium alloys after the separation of the magnesium by a procedure similar to that used 
in the 8-hydroxyquinoline method. This method can be considered, 


= Minor alloying amounts of this element are by ric 
whereas major amounts are best determined volumetrically. The absorptiometric procedured 4 q 
are based on the oxidation of the manganese to permangan ate, which is conveniently effectes 4 


in 


by boiling a sulphuric - phosphoric acid solution of the sample with potassium periodate. — 

_ Interference from other alloy constituents is readily eliminated by adopting the procedure of 

edt absorbancy measurements after the oxidation process and also after the selective 
reduction of the permanganate with sodium nitrite. Absorptiometric methods are = q 


—* for the determination of the manganese content of aluminium alloys,” magnesium 
4 beryllium salts” and copper-base alloys.’ 116 A polarographic method is proposed 
by Spalenka!? for manganese in aluminium alloys. i It is based on the step from an alkaline — 
Z cyanide base solution containing metol to prevent air-oxidation of the manganese. However, 
Ae polarographic methods are never likely to be able to compete with the simplicity and 
_ directness of absorptiometric methods. 
Fak he A well established volumetric method consists in the oxidation of manganese in nitric 
acid solution to the permanganate state with sodium bismuthate. After the removal of 
= _ the excess of bismuthate by filtration through ignited asbestos, a standard ferrous ammonium 
_ sulphate solution is added to give an excess and the amount of this reagent in excess is then 
¢ determined by titration with a standard potassium permanganate solution until a faint 


‘a 


_ pink colour is produced. _ For accurate results the solutions must be free from every trace 
of chloride ions and nitrous acid must also be absent. Chromium, cobalt and vanadium 
_ also cause interference in this determination. Gibson!* used this procedure for the analysis 
of uranium - manganese alloys containing from 1 per cent. to greater than 90 per cent. of 
ie _ the second constituent. The error in the manganese determination did not exceed +0-25 per — 
cent. _A more recent volumetric method is free from the interferences of the bismuthate 
method. — It is based on the titration of manganous ions in a pyrophosphate solution 4 
= * pH 6 to 7 with a standard permanganate solution, the large break in potential at the end- 
. ae point being used to detect the completion of the titration."® This titration is direct ane 
a _— the need for filtration so necessary with the bismuthate method is obviated. It is soils | 
Fa for the determination of amounts of manganese varying from a few milligrams to 200 | 
re co and the accuracy of the titration appears to be limited only by the accuracy of the volu- 


-- metric ‘measurements. _ There is no interference from large amounts of chloride, ait 

II Ill VI VI 

: sulphate, iron", cobalt", copper, nickel, chromium™, molybdenum”’, tungsten”!, uranium"! 


_ zinc, aluminium, magnesium and cadmium, the non-interference of chloride, "cobalt “and 
chromium representing an important improvement | over the previous method. Mass 
amounts of vanadium cause difficulties, but this interference can be ov ercome by ‘carrying j 
the titration at the lower pH value of 3 to 3-5. rivers 


Absorptiometric methods are re available for the determination of a wide range of molvbdie 


ninat 
in non-ferrous alloys. The coloured complex formed | by molybdenum with 


__ thiocyanate ions is very suitable for absorptiometric work and the following solution conditions — 
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are recommended for the formation of this complex: 3-8 N sulphuric acid, 0-15 M ammonium 
Sune 0-20 M perchloric acid, 0-05 M stannous chloride and 0-02 M iron. Davis! 
- employed this complex in a method for the determination of the molybdenum content of 
alloys of the nickel-base Permalloy type, absorbancy readings being taken at a wavelength — 
a 460 my. yt. More recently it has been used in conjunction with the differential system of " 
measurement for the determination of from 5 to 30 per cent. of molybdenum in uranium-base — 
ternary alloys of the type uranium - molybdenum - niobium.™* In this work it proved Pee 
necessary to take absorbancy readings at a wavelength of 500 my so as to avoid the inter- ate 
_ ference occurring at 460 my from uranyl ions. In the absence of niobium the complex — 
in by molybdenum with hydrogen peroxide is suitable for absorptiometric work and it has ols 
been used foi the determination of up to 20 per cent. of molybdenum in its binary alloys | 
with uranium by employing the differential technique. This determination is best carried — 
® in solutions approximately 1-5 M in sulphuric acid and 0-18 M in hydrogen peroxide, — 
and when absorbancy measurements are taken at a wavelength in the Tange 3 360 to ws m 
it is possible to correct for the small absorbancy from uranyl ions. 
Ay Molybdenum gives well defined steps in a variety of base electrolytes, an 
used the steps from a 0-75 N sulphuric acid - 05 M citric acid base solution for the direct ‘ 
_ determination of this constituent in nickel-base alloys. Molybdenum gives two steps from 
this base solution with half-wave potential values of —0-35 volt and— 0-85 volt, respectively. 
_ Copper and iron in the sample produce steps that interfere with the first molybdenum step, 
_ but the second step is free from interference and is suitable for this determination, after the | 
use of additional condensers to decrease the large oscillations in the step. Because of this | 
need for extra damping, the absorptiometric method appears more attractive for routine — 
ily _ However, a polarographic method is suggested for the determination of amounts — 
_ molybdenum up to 5 per cent. in titanium-base alloys. The separation of the molybde- - 
num is s necessary, and this is achieved by extracting it into ether from a solution of the © 
=. sample, 4-7 N in hydrochloric acid and 3-6 N in sulphuric acid. _ After the evaporation of ; 
a a the ether from the combined extracts, the polarogram is recorded from a perchloric acid base 
a da solution and the molybdenum content is evaluated from the step with a —_ -wave potential ‘4 
then amounts of this element. They are based on the red coloured complex formed with dimethyl- _ 
‘aint _ glyoxime in ammoniacal ‘solution, and much information is available on the best conditions — 
race for the formation of a stable complex. Direct methods are recommended for the deter-- 
ium mination of nickel in aluminium alloys,22 magnesium alloys,** uranium metal,!™ beryllium 
lysis _ Salts’? and pure metallic tin.** For the analysis of copper-base alloys, however, a less direct — 
t. of method is’ used, because of the need for removing the major constituent. _ Various methods - 
) per ~ for removing copper have been reported, including electrolysis and deposition on aluminium 
hate foil, but the author™® found the most expedient method to consist in precipitating the bulk 
n of “of the copper with potassium iodide, followed by the formation of the nickel - dimethyl- _ 
end- q glyoxime complex directly in the filtrate. | The correction for the absorbancy of the small 
_ amounts of unprecipitated copper is readily obtained by taking absorbancy readings after 
the decomposition of the nickel complex with hydrogen peroxide. 
__ Polarographic methods are more direct than the absorptiometric method for the cea oe 
of certain types of copper-base alloys. For example, by using the nickel step from an alkaline 
cyanide base solution it is possible to determine the nickel content of cupro-nickels and 
aluminium bronzes by conventional polarography.’ With alloys containing zinc, however, 
_ it is necessary to separate this constituent before recording the nickel step. _ This difficulty — 
a does not occur with tin-bronze samples on using a 0-2 M ammonium chloride - M ammonium 
hydroxide base solution in conjunction with the square-wave polarograph.% Moreover, it 
is possible to determine the zinc content simultaneously with the nickel content. - Tin is 
F the only constituent to prove | troublesome, because of its insolubility in the alkaline base 
electrolyte, but this element is readily removed as its volatile bromide in the initial solution 
— the sample. The square-wave polarograph is also applicable to the direct determination 
a _ of nickel in aluminium alloys by using the peak from a 0-03 M potassium cyanide - M potas- 
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eee cyanide complex to manganese dioxide. o _ This method is direct and is applicable 


i: a few milligrams only of sample, but it possesses no important advantages over the absorptio- | 
metric: ‘method. The polarographic method is extremely useful for the determination wil 
a amounts of nickel impurity in cobalt metal and salts. a The polarogram i is recondaie 
: - from a pyridine base solution, under which conditions the nickel step is well separated from. 
-_- Volumetric methods are suitable for the determination of larger alloying amounts é 
ae constituent and one outstanding method involves the addition of a slight excess of 


ai EDTA but there is so much interference in this titration from other elements that it is — i] 
Only applicable after the separation of the nickel from other constituents." Flaschka = 

oe, for example, has used this titration after the separation of the nickel with dimethy Iglyoxime, ‘4 
The use of EDTA is more important, however, in such analytical problems as the determination 
of nickel in the presence of small amounts of cobalt. In a suggested method for this — 
pag oy sufficient EDTA is added to complex the nickel and cobalt and leave a slight 
excess. This excess is titrated with magnesium sulphate back to the colour change of the 
--Eriochrome black _T indicator. Then 2 to 3ml of hydrogen peroxide are added to the 
solution, followed by 1 g of potassium cyanide. Under these conditions the cobalt complex 
+: quite stable, s so that the 5 eng ions cause the liberation of the amount of EDTA eee a 


directly in the aqueous solution and measurements are made on this 
solution. In the other procedure | the complex is extracted into an organic solvent for 
a _ absorbancy measurements. 181 The reported conditions for the formation of the niobium 
_ thiocyanate are, however, so critically dependent. on such facts as the thiocyanate concen- | . 
_ tration, acidity and temperature that great care is needed in using this complex in analysis. — : 


From the results of a recent study, however, more suitable | solution conditions have been 
_ developed for the formation of the niobium complex. In a method for the analysis of tanta- 
lum metal for traces of niobium (0-01 to 0-3 per cent.), the niobium - thiocyanate complex is _ 
_ extracted into ether for taking the absorbency readings.* For the determination of niobium > 
inf its binary alloys with titanium,™ a separation of the niobium is effected by precipitating © 
it with tannic acid from a boric acid - hydrofluoric acid solution of the sample. After two — 
further tannic acid precipitations, the niobium content is determined by the direct t thiocyanate 4 
_ method. However, from the results of recent work on the solvent extraction of niobium a 
_ the application of this technique should greatly improve this particular separation. > _ per 
ee _ absorptiometric method for niobium is based on the yellow colour produced by the addition ' 
‘ore _of hydrogen peroxide to a strong sulphuric acid solution of the sample.“* This is not a very _ 
4 ee strongly coloured complex and the concentrated acid solutions need careful handling during a 
a > the measurement of absorbancies. Even so, this complex has proved useful for the deter- 
‘mination of small alloying amounts of niobium in uranium-base materials.47 In methods 
;  % the analysis of uranium - zirconium - niobium and uranium - tin - niobium alloys, the 
4 a Ston niobium - peroxy complex is formed in a freshly fumed sulphuric acid solution of the alloy — 
‘ a by the addition of a sulphuric acid - hydrogen peroxide mixture, and absorbancy readings ¥ 
are taken at a wavelength of 362 mp. The main advantage of these methods is that chemical — 
vs Tantalum forms with pyrogallol a coloured complex that can be used for the deter: 
_ mination of small amounts of this element. #88 Unfortunately, however, several elements 


ss Cause inter rference | in this determination, which is really only useful after the separation ofthe § 


7 a t tantalum with the niobium from other constituents of the sample by cellulose chromato- _ 
#89 ~Small amounts of tantalum are more suitably 
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ig activities from many other constituents die away and by this means it is possible to determine — 
- tantalum in the presence of Nb, Fe, Mn, Ti, Sn, Zr and Si without chemical papain. 


- isotope by the use of a sodium iodide crystal spectrometer and a single-channel kick pro 
operating in a narrow channel centred on the tantalum-182 -photopeak at 1-1 MeV.) 

_ The methods for the determination of greater alloying amounts of niobium or igntebem Rey 

 jnvolve the preliminary separation of these elements from other sample constituents. 
_ separation is now most suitably accomplished by extraction with ¢sobutyl methyl ketone from a 
_ a fluoride solution of the sample that is 10 M in hydrofluoric acid, 6 M in sulphuric acid and 

2-2 M in ammonium fluoride.** The earth-acid element is then extracted from the combined _ 
- isobutyl methyl ketone layers with aqueous hydrogen peroxide, which is evaporated to fumes 
of sulphuric acid to remove the hydrogen peroxide and any hydrofluoric acid. On cooling, | 

this solution is diluted with hydrochloric acid containing ammonium oxalate and the niobium — Ris eee 
_ or tantalum is recovered by precipitation with tannic acid after adjusting the pH to 45 ae rar 
_ The precipitate is recovered by filtration and is ignited to niobium pentoxide or tantalum = 
| pentoxide, which is finally weighed. In some samples, however, both elements are present ek 

and the final residue is a mixture of niobium and tantalum pentoxides. The procedurethen == 
to be employed for determining each element depends upon the relative amounts of the — 
if constituents. Usually it is necessary to separate them by cellulose chromatography® and 

a complete their determination gravimetrically as before. _ However, when the tantalum _ 

content is low, it may be more advantageous to use activation analysis. Similarly, a S 
may be more suitable in samples with low 

Silicon i is present in many non- ferrous | ee either as a minor alloying constituent an ae 


or as a trace impurity, and the determination of the amount of this element is now invariably . 
-_ achieved by an absorptiometric procedure. This method is based on the formation of ye ellow 
__ silicomolybdate complex ions, which can be produced in mineral acid solutions under suitable — 
_ acidity conditions. When a 5-minute period is allowed for the development of the yellow 
colour in solutions containing 5g of ammonium molybdate per litre, the optimum acidity © 
for the full formation of this complex is in the range from 0-05 to 0-16 N. This coloured 
_ complex is eminently suitable for the routine determination of the silicon content of any 
type of aluminium alloy containing up to about 8 per cent. of this constituent. - ‘The ar : 
- simply consists in dissolving the sample in sodium hydroxide solution contained ina covered — 
_ Stainless-steel beaker. Then the lid and walls are washed with water and a measured amount — 
4 of a standard nitric acid ‘solution i is added to. the beaker while its contents | are being — 
Stirred. On cooling, this solution is in the correct acidity range and the wale A soll 
_ ions are formed on the addition of an ammonium molybdate solution. The silicon content e 
of the sample is finally determined by measuring the absorbancy of the solution after a standing 
period of atleast 5 minutes. Go bes 
_ The silicomolybdate colour is unfortunately too insensitive for the d determination small 
ews of silicon in non-ferrous materials. Greater sensitivity can be obtained in this ae as; 
_ procedure, however, by reducing the silicomolybdate ions to molybdenum blue. Stannous © | hea 
i chloride is the most sensitive reducing agent for the production of molybdenum blue, but 
a other reagents have been used for this reduction, including ferrous sulphate in the presence . 
a of oxalate, ascorbic acid,“ hydrazine, hydroxylamine" and hydroquinone. 147 The 
] reduction procedure | ‘cannot be applied to silicomolybdate ions in nitric acid solutions and cs. 


3 
q 
4 


the usual method makes use of controlled acidity to prevent possible interference from the _ 


teduction of phosphomolybdate, vanadomolybdate and arsenomolybdate i ions. Itisnecessary 
to add sulphuric acid, after the formation of the silicomolybdate ions, to make the solution — 
a to 6 N in this acid before the reduction with stannous chloride is carried out. Further 
| details of this procedure are included in the following method for the determination of the 
icon content of magnesium alloys containing less than 0-35 per cent. of silicon™: dissolve — 
6 ‘5 g of sample in 7-5 ml of 10 N sulphuric acid and 40 ml of water. Boil, oxidise with a few 
drops of bromine and then boil off any excess of this reagent . Cool and dilute the solution | 
_ t0 100 ml with water. To a 10-ml aliquot of this solution, add 1b ml of water and then 5 ml 
_ of 5 per cent. ammonium molybdate reagent and allow the solution to stand for 5 minutes. 
add 10 ml of 10. N : sulphuric acid acid followed by 5 ml of 0-25 cent. stannous, chloride 
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and dilute to a volume of 50 ) ml, the : of this solution, using -Tiford 


in a reagent-blank Getermination. © 
Other applications of the molybdenum-blue complex include the determination of 15 
_ to 100 p.p.m. of silicon in beryllium oxide and various salts of beryllium, including the sulphate, 
oe nee hydroxide and ammonium oxalate. For the determination of 0-001 to 0-35 per cent. of 
ee a ‘silicon in calcium metal,’ a combination of a sodium hydroxide attack followed by solution 
of the resulting sludge in 1 hydrochloric acid is employed to attain complete solution of the | 
~ sample. — A similar method is also used for the analysis of aluminium samples containing 
from 0-01 to 0-5 per cent. of silicon.“ In a procedure for bismuth metal, the major con- 


7 _ stituent is removed as its volatile bromide and the remaining residue is examined for silicon, 


graph to obtain the silicon content of the sample, correct it for the absorbancy obtained | 


_ water, the molybdenum-blue complex is formed in the resulting solution. This method is 


a subsequent method for the analysis of bismuth oxide,“ the molybdenum-blue complex [ 
formed in the presence of the bismuth after reduction of the silicomolybdate ions with 
ascorbic acid. The initial solution of the sample is produced by fusing it with sodium c 

bonate and by dissolving the cooled melt in a measured volume of 5 N hydrochloric acid 
_ This method is suitable for the determination of 5 to 35 p-p.m. of silicon with an error of less 


Several procedures are available for the determination of of this 
een. . Gravimetric methods are based on the insoluble silver halides. The silver chloride 
“a _ precipitate is generally preferred, because it is less sensitive to light than the other silver 
> halides. After the precipitation of silver chloride, the solution is allowed to stand in the 
2 dark to permit the coagulation of the precipitate. Then the determination is completed 
= by filtration through a sintered-glass crucible, followed by weighing the silver chloride precipi- 
tate. ~ This is an accurate method that can be used for the determination of the silver content 
of silver solders.%* Controlled-potential electrolysis methods are also available for the 
a a analysis of silver solders. — Diehl and Butler deposited the silver from an ammoniacal 
= solution of the alloy with oxygen passing through the solution. After the silver determination 
+ & the copper content of the alloy can also be obtained by electro-deposition. The sample 
solution is acidified by the addition of nitric acid, hydroxylamine sulphate is added as an 
: _, anode depolariser and then the deposition of the copper is carried out. In a procedure 
4 recommended by Broadbank and Winram,™ the silver is separated from other alee | 
constituents by electrolysing a perchloric acid solution of the te 
| ae =e useful volumetric method for silver is based on ammonium thiocyanate | as the titrant. 
_ The end-point of the titration, is detected by including ferric iron in the solution so that the 
& coloration of ferric thiocyanate is produced after the completion of the titration. This 


_conium’® alloys and of white-metal samples. Another volumetric procedure “which 
¥ - may be useful in metallurgical analysis has been proposed by Cheng. It is based on the 
Pi precipitation of the silver from an ammoniacal solution of the sample with 1:2: 3-benz0- 
triazole. Ethylenediaminetetra-acetic acid is included in the solution to prevent interference 
ee & from several other elements. After filtration of the solution, the precipitate is dissolved in 
a small quantity of diluted nitric acid (1 + 1) and the resulting solution is neutralised with 


a with a standard silver nitrate solution, with potassium iodide as the indicator, 
Beats _ Absorptiometric methods are suitable for the determination of trace amounts of silver. 


-_ anine in acid solutions (0-05 N).” A fine dispersion of the silver - rhodanine precipitate 8 

; ~ formed for amounts of silver in the e range 1 to 2 wg, and fortunately this dispersion is faitly 
‘stable. This procedure is used for the determination of traces of silver in pure tin metal® 
Zz The rhodanine reagent has also been employed by Ringbom’*" i in an indirect method for silver. 
_ The silver is precipitated as its rhodanine complex from a dilute sulphuric acid solution of 
the sample and, ae filtration, is d'with eth to remove 


-ammonium hydroxide. Then sufficient of a 0- 05 M cyanide solution is added to form the f 
silver complex and to provide an excess. The excess of cyanide is determined by titration ‘ 


a... One method is based on the red-violet coloration given by p-dimethylaminobenzylidenerhot- 5 


No. 606 filters with a Spekker absorptiometer. Before referring this reading to a calibration 9 ‘ 


This residue’ is fused with sodium carbonate and, after extraction of the cooled melt with | 


claimed to be suitable for the determination of 2 to 125 p.p.m. of silicon in bismuth. In { e: 


titration procedure has been used for the determination of the silver content of silver - zit- F 
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Low alloying amount of this element can be by using 
coloured complex ‘ produced with disodium 1- -(0-arsonophenylazo)-2-naphthol-3: 6- 
disulphonate,’* better known as thoronol. When this complex is formed in solutions of 
| pH 1, it is very stable for a period of several hours, and Mayer and Bradshaw have used it _ 
a ~ for the determination of thorium in magnesium alloys. ‘= In the recommended method the 
thorium is first separated from magnesium by precipitation with ammonium hydroxide, 
nd then it is removed from zirconium by precipitating it along with the rare earths as a 
. insoluble oxalates. This latter separation is necessary because zirconium also forms a coloured — : 
x complex with thoronol. After filtration, the oxalates are converted to perchlorates and the 
7 _ absorptiometric determination of the thorium is completed in the presence of the rare earths. 
There is sufficient evidence available now, however, to show that the precipitation of thorium — ee 
: as its oxalate is not perfectly quantitative, 160 although in the analysis of the magnesium oa 
alloys the rare-earth oxalate precipitate probably helped to carry down the last traces of fy 
| thorium. In view of this behaviour a separation process used in mineral analysis may be © ey, 
ea more reliable in alloy analysis, especially with samples containing thorium in the absence — 
of rare earths.'* The thorium is precipitated as its insoluble fluoride in the presence of a 
lanthanum fluoride as carrier and, after filtration, the precipitate is dissolved in aluminium 
nitrate solution. The thorium is separated from this solution by extraction into mesityl | 
oxide. It is then the combined organic layers with en adja and the thoronol 


Volumetric n methods are now giav imetric metho s the 


: of milligram amounts of thorium, and one such method employing EDTA as the titrant | 


is proving very useful in alloy analysis. _ Fritz and Ford’ first titrated thorium with EDTA, 
“using alizarin red S as the indicator. This indicator forms a red lake with thorium at pH ~ 
2 8, and the procedure consists in titrating with EDTA until the red lake is discharged. — 
| Othe indicators are now available for this titration and they include pyrocatechol violet! a 
& thoronol.4* Since thorium forms its complex with EDTA at fairly low pH values, it @ P. 
6 often possible to apply the titration without any chemical separation of the thorium. — 
Thus Furby’® determined the thorium content of thorium - uranium alloys” ‘containing 
iG less than 60 per cent. of uranium by direct titration, using the alizarin red S indicator. For bs 
g alloys with more than 60 per cent. of uranium, however, preliminary separation proved _ 
necessary, and the recommended peneeeen involves t the precipitation of thorium as its ben- Pi 
-zoate complex in the pH range 1-5 to 2-5, re- -solution of the precipitate in hydrochloric acid a ‘S 
_ after filtration, and then titration with EDTA. The best titration procedure under these ae 
£ conditions consists in adding sufficient EDTA to complex the thorium and leave a slight | 


. excess, followed by titrating this excess with a standard iron solution, with salicylic acid 


as the indicator. Similarly, Milner and Sneddon’ determined the thorium content of a .: 
thorium - cerium — alloys without any chemical separations, the titrations being carried bie. 4 
out on a perchloric acid solution of the sample adjusted to pH 2: 2. At this pH Ce*+ ions © ke 
_ not complexed with EDTA, and the method consists in adding anexcessof EDTA 
4 _ to complex the thorium, followed by the titration of this excess of reagent with a pmethod a 
thorium perchlorate solution, with Eriochrome cyanine as the indicator. In a recent method. +e 
ratio § for the determination of thorium in its binary alloys with tungsten,16?_ an excess of EDTA Oa 
oe 3 is added to complex the thorium and the amount in excess is determined by titration = ae 
silver. . a standard thorium solution, with alizarin red S as indicator. Interference from tungsten 
erhod- 5 a in this determination is prevented by the inclusion of hydrogen peroxide in the sample © 
When it is necessary ; to effect the separation of the thorium from other alloy constituents — 
before applying the EDTA titration, the separation procedure based on the solvent extraction - 
of thorium nitrate into mesityl oxide is very useful.1® It is usual to saturate the sample a Pi 
3 solution with aluminium nitrate before extracting with the organic solvent, and it is then o “ a 
‘Possible to separate he thorium" from all other elements of uranium, 


ford the precipitant from it. The precipitate is then dissolved in alkaline potassium cyanide “ eS 
nelectrolytic copper. _ 
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- forms a very. stable pedir with EDTA under the conditions for the titration of thosieaet 

we and Woodhead! used this separation process in the analysis of thorium - — 
ey ae calcium nitrate being used instead of aluminium nitrate, however, because of the need 

for determining the aluminium content of the alloys. In independent work on thisalloy system, 
a Banks and Edwards!” saturated the sample solution with lithium nitrate. In cases when 
nd this solvent-extraction process is inapplicable, as for example in the analysis of alloys ics foo 


analysis of thorium - and uranium - thorium - zirconium alloys. After 
the precipitate has been separated by the use of a centrifuge, it is washed and taken 4 
- solution by fuming with perchloric acid. Because of the difficulty of removing the last traces. 
_ Of fluoride. by this procedure, the EDTA titration is best carried out in acetate- buffered _ 
— of pH 5 with boric acid present to form a complex with any fluoride ions. The 
_ thorium is made into a complex by the addition of a slight excess of EDTA, and the excess 
of this reagent is determined by a with acid 
‘i "The determination of alloying amounts of tin is required in the analysis of several types 
- 2 of non-ferrous alloys, and volumetric ‘methods are most convenient after the reduction of 
he tin to the stannous state. _ With some alloys the titration procedure is applicable directly 
o the sample solution, whereas with others it is necessary to carry out a preliminary separation | 
of the tin. _ Ina direct method for the determination of the tin content of aluminium alloys. 
_ most of the tin is in the stannous state after the solution of the sample in hydrochloric acid, 9 
and complete reduction is ensured by boiling the solution with antimony powder. After 
cooling the solution in the absence of air, potassium iodide is added and the tin is titrated by 
the addition of a standard potassium iodate solution from a semi-micro burette to the starch 
end-point. In a recommended method. for copper-base alloys, the copper is first removed 
from solution by precipitation as its oxalate. 72 The tin is then reduced by boiling the 
- acidified filtrate with metallic nickel in the form of a spiral, which can be easily removed 
from the solution before the titration with potassium iodate. Any antimony in the sample 
is plated on the nickel spiral during the reduction process. The nickel-reduction procedure i is 
also directly applicable to the determination of the tin content of white metals on taking 
_ a 250-mg sample and dissolving it in hydrochloric acid with the help of hydrogen peroxide. a 
Then, after the addition of sodium chloride to the solution, the nickel-reduction procedamg: 
c= is carried out and the titration with potassium iodate completed as before. However, when 
Ve complete analysis of a white-metal sample is required, the dry-chlorine method of opening 
¢ the analysis is worthy of consideration.‘* This technique separates the tin and the antimony — 
from the other constituents of the sample and the tin content is finally determined by titration 
- with a standard iodine solution after reduction with metallic antimony. In a method 
for tin in lead-sheathing alloys,*4 the sample is attacked with a mixture of acetic acid and 
ot “ie hydrogen peroxide and finally with hydrochloric acid. _ The tin is reduced with hypophosphite_ 
before being titrated with standard iodine. When it is necessary to separate the tin from 
ae other alloying constituents before applying the titration procedure, sulphide precipitation is is. 
often used. In a method for the determination of 0-05 to 5 per cent. of tin in its binary alloys 
with titanium, Norwitz and Codell’’’ first dissolved the sample in sulphuric acid and then 
4 oxidised the titanium with potassium permanganate. After the addition of tartaric acid 
to the sample solution, the precipitation of the tin is carried out by the passage of hydrogen / & 
a _ sulphide. Then the sulphide precipitate is removed by filtration, dissolved in mineral acid § 
and the tin content of the solution is determined volumetrically. Similarly, the separation § 
_ of tin as its sulphide is used in the analysis of uranium ternary base alloys containing niobium — 
and tin as alloying constituents.’ This separation procedure is very time-consuming, 
ye je however, ‘since it is necessary to allow the sulphide precipitate to digest for 12 hours before [ 
the 


‘methods using the well defined step this element from a 
acid base this determination is direct for samples les 
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. - containing lead in addition, because 1 this element gives a step coinciding with the tin step. _ 
The procedure adopted in such cases consists in the determination of tin plus lead from a _ 
- hydrochloric acid base solution, followed by the determination of lead only from a more _ 
q alkaline base electrolyte.** By this means the tin content is obtained by difference, and 
3] - dearly this method is only applicable for suitable ratios of tin and lead. Nickelson and 
- Randles successfully used this procedure for the determination of traces of tin in zinc- -based 
* Mazak alloys,“ the lead content of these alloys being comparable with that of the tin. __ 
An absorptiometric method for the determination of small amounts of tin has assumed 
_ importance in recent years; it is based on the complex formed by tin with dithiol. — ‘For | 
4 satisfactory results with this method, however, it is necessary to include a suitable dispersing — 
agent in the solution to disperse the tin - dithiol complex. On using Belloid TD, Kenyon _ 
4 and Ovenston’’* obtained stable conditions over a period of one to two hours for solutions ae 
containing up to 10 pg of tin per ml. © ‘With Teepol as the dispersing agent, Williams and Fe che 
a  Sneio were able to determine the | tin content of solutions containing up to 16, pg goof ies 
tin per m F 
i 3 factured by the Monsanto Chemical Co. Unfortunately, a number of heavy metals i nia 
_ react with dithiol and the direct application of this method in analysis is often net possible __ 
_ without the preliminary separation of the tin. Distillation is very effective for this particular _ 
q separation. Onishi and Sandell!” first distil from hydrochloric acid solutions at 160°C to 
awe arsenic, antimony and germanium. — Then hydrobromic and hydrochloric acids are _ 
a added and the distillation at 160° C is continued to separate the tin. This typeof procedure _ 


is suggested for the determination of the tin content of aluminium - silicon es 178 sheet — 


178 179 
imetbods are available for the of both large an and small 
_ alloying amounts of this element, high-precision spectrophotometry being used for the former. a 
_ These methods are based on the yellow colour produced when hydrogen peroxide is added — 


, q _ to a nitric or sulphuric acid solution of titanium. The acid concentration is not critical, but ip 


SS 


the intensity of the colour produced i in sulphuric acid solutions is slightly weaker than that _ 
in nitric acid solutions. Vanadium is the most serious interfering element in the 
= titanium determination, but fortunately it is not a common constituent of non-ferrous alloys. _ 
_ The peroxide complex is used in a method for the determination of titanium in aluminium at 
alloys, which usually do not contain any interfering elements.” It is generally necessary, Ra 
_ however, to make a correction for the light absorption of coloured i ions in the sample solution 5, 
(for example, copper, nickel or iron) , especially v when they are present in large | amounts. a oe : 
pen of this | complex include the determination of titanium in tantalum metal®> and 
refractory materials.18 In the field of high-precision spectrophotometry, this complex i is sused 
- for the determination of the titanium content of pure titanium metal," titanium - - oxygen 
F _ alloys and titanium - uranium alloys. Unfortunately, the peroxide complex i is not sensitive ee i 
a enough for the determination of trace amounts of titanium in metals and alloys. The coloured = i 
given by titanium with disodium 1: 2- dihydroxybenzene- -3 :5-disulphonate (tiron) 
is more sensitive and generally meets these requirements. It is used, for example, inamethod 
for the determination of traces of titanium in ‘cathode | nickel tubing.2 The titanium is ~ on 
_ Separated from the nickel by precipitation with ammonium hydroxide, ferric hydroxide being ; 
_ used as a carrier, and, after the separation and re-solution of the precipitate, the titanium - 
tiron complex is formed. . Before the absorbancy of the titanium complex is measured at a 5 = 
j wavelength of 399 my, , however, it is necessary to bleach the colour of the iron h complex with ue : 


A well defined polarographic s step is ; obtained for titanium from a base electrolyte con- 

- sisting of 1-2 M ammonium sulphate, 0-5 M sulphuric acid and M tartaric acid. In applying» : 

_ this step to the determination of 0-06 to 3 per cent. of titanium in aluminium alloys,Graham 
and Hitchen! carried out a preliminary separation of the titanium from certain other con- a 
stituents of the sample. This involved attacking the sample with sodium hydroxide and = ee 
"separating the insoluble part containing the titanium. After the titanium has been taken into fe 


by treating the insoluble matter with hot sulphuric: acid, sufficient ammonium 
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‘separation in this method is troublesome, it makes the polarographia 
; ie method less direct than the absorptiometric method for this determination. Graham, 
and Maxwell’ also used this step for the determination of the content 
_ of nickel-base alloys, including Nimonic, Monel and Inconel types of alloy. In this method — 
_ the titanium is separated from many other alloying constituents by applying mercury-cathode 
; electrolysis to a sulphuric acid solution of the sample. Then the other constituents of the 
base electrolyte are added and the step is recorded. It is very doubtful whether the titanium - 
_ peroxide method could be applied directly to these alloys, because of the strong natural colour 
_ of the nickel ions in solution and, in view of this, there should be little to choose between the 
polarographic method just described and a “suitable absorptiometric method. 
ay _ Volumetric methods are available as an alternative to the high-precision spectrophoto- _ 
_ metric method for the determination of large alloying amounts of titanium, and details of — 
- suitable method are included in a procedure for the determination of the titanium content 
titanium metal.!* The sample is first fused with potassium bisulphate and, on cooling, 
g _ the melt'is extracted with diluted hydrochloric acid (1 + 1). This solution is boiled with Fe 
, - a quantity of amalgamated zinc shot and finally passed down a a column of amalgamated zinc § 
« _ in an atmosphere of carbon dioxide. The collected solution is immediately titrated with a 


me: _ standard ferric alum solution to the thiocyanate end-point. This type of procedure is not 
a _ Specific for titanium, because several elements, including chromium, molybdenum, tungsten _ 
and vanadium, are reduced in the Jones reductor. In titanium metal, the amounts of these 
ae potential interfering elements are very small and can be discounted, but if a ore of 
titanium is needed, then n precipitation v with sodium hydroxide is 1 recommended. haters 


pager amounts of this element « can be. determined satisfactorily by oo 


io: uranyl ions with thiocyanate ions in solutions of pH 1-5. The intensity of the colour 
_ produced, however, depends upon the concentration of thiocyanate i ions, so that fairly strict 
- controls must be applied in the preparation and in the addition of this reagent. Interference - 
from ferric iron is prevented by reducing it with stannous chloride and under these conditions — 
molybdenum is reported as the main interfering element. On applying this method to the 

i. _ determination of amounts of uranium up t6 about 5 per cent. in its binary alloys with — 

f _ bismuth, Milner and Edwards"®’ encountered interference from a coloured complex formed 

L se by thiocyanate i ions with bismuth ions. It proved possible to suppress the bismuth inter- 

ference, however, by complexing the bismuth ions with EDTA before the addition | of the 

q 


- thiocyanate reagent. The uranium - thiocyanate complex formed in an aqueous acetone 
_ mixture is recommended for the determination of small alloying amounts of this constituent _ 
in its binary alloys with aluminium and with thorium.” A direct method is used for the § 
_ aluminium-base alloys, but with the thorium-base alloys the preliminary separation of the 
uranium by solvent extraction is necessary . Another absorptiometric method for 
; employs the colour formed with hydrogen peroxide in alkaline carbonate solutions." hk. 
alloy analysis this coloured complex is generally only useful after the of the: 
uranium. A suitable base solution for conventional polarography is 2 N in sulphuric acid 
and 2WN in hydroxylamine sulphate. Sensitivity is improved by using the square-wave 
_ polarograph with a sulphuric acid base solution.*? However, Ferrett and Milner!* obtained 
aa much better results with this instrument by using a M perchloric acid base solution. Uranium 
_ concentrations of the order of 0-1 yg per ml can be determined by this method by using the — 
occurring at volt against the mercury-pool anode. This base solution is very 
- convenient in applied analysis, since the uranium can be dissolved in nitric acid and this ~ 
solution then evaporated to fumes of perchloric acid. Still smaller amounts of 
can be determined by a fluorimetric method, which is capable of determining amounts as_ 
a small as 10-*g of this element. The uranium is fused in a melt of high-purity sodium 
: fluoride, and the fluorescence produced on directing ultra-violet light at the cooled melt is 4 
2,05 measured by means of a photomultiplier tube. The fluorescence produced is related to the 
_ uranium content of the melt, but care is needed i in applying t this technique, since the uranium 
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necessary to convert the tervalent uranium to the ee ie before titration wit 
either potassium permanganate or ceric sulphate. _ Since the reaction between quadrivalent 
- uranium and ceric ions is slow at room temperatures, the usual procedure consists in the 
_ addition of a small excess of the titrant followed by titration back to the equivalence point 
; - with: | standard ferrous sulphate. The lead reductor is now, however, preferred to the Jones — 
reductor, because it reduces the uranium to the -quadrivalent form only and there is then no 
; need for an aeration step. This reductor is also very easy to prepare and to maintain in © 
_ working order. It has recently been critically examined and found to be useful for the direct 
analysis of aluminium - uranium alloys containing 20 per cent. of uranium.’ This is s 
" a favourable alloy system, since with some alloys a preliminary separation of the uranium is 
essential. The lead reductor reduces several elements to lower valency states, and other 
elements, including bismuth, arsenic, antimony, silver, mercury and tellurium, are reduced to. 
* metallic state, and the deposited metal tends to block the column . When a separation — 
— of the uranium from other sample constituents is necessary, there is no shortage of suitable — 

procedures. -Solvent-extraction methods are very convenient and, according to Scott, 
3 ether is a suitable solvent for extracting uranium from solutions 3° M in nitric acid and M 
‘in ferric nitrate. By employing a volume of ether equal to the volume of sample solution, 
over 99 per cent. of the uranium is removed after three separate extractions. ‘eee 

_solvents have been used for extracting uranium from nitric acid solutions, and these include — 

_tributyl phosphate, ethyl acetate? and mesityl oxide. 

__ High-precision spectrophotome ry is also useful for ‘determining the uranium content “ 

of metals and alloys containing uranium as the major constituent. Using the absorption — 

_ of the uranyl ions, Bacon and Milner applied this technique to the determination of the — 

uranium content of uranium metal’ and uranium-base alloys containing molybdenum, — 

. niobium and zirconium. The main advantage of this procedure is that no 

separations are required, but this method is not worth while many are to 


by polarographic procedures. These methods “are ‘rarely. however, 


-_Decause zinc produces steps in most base electrolytes at voltages t more negative than ~1 0 volt a 
; against the S.C.E. The main advantage of the polarographic technique is that the separation — ge 
of the interfering constituents need not be quantitative and, therefore, simple and rapid bee? 
separations may be employed. For example, in the analysis of bronzes,’ the copper Se 
4 roughly precipitated from a nitric acid solution of the sample as cuprous iodide. After the 
removal of the precipitate, the zinc step is recorded from an ammonium hydroxide - ammonium a 
_ chloride base solution. This separation process is not complete enough for the determination =— 
of zinc contents of less than 0-1 per cent, for which a longer procedure with hydrogen sulphide | bgt 
has to be used. Lingane®® prefers to use controlled-potential electrolysis for the removal — 
" of copper in this determination. This is a very elegant technique, but it is not really suitable 
for routine: analysis. . This particular determination is now most readily carried out with © 
‘ 4 the square-wave polarograph, 126 since a preliminary separation of the copper i is not necessary 


and the nickel content of the alloy can be measured simultaneously. wcemetgr tke Ware — 
___ A polarographic method has been used for many years in this country for the deter- we 
4 mination of the zinc content of aluminium alloys.’*” The separation of the zinc from certain 
ie interfering constituents is greatly facilitated by the use of an automatic centrifuge, and the — 
_ anc step is finally recorded from a sodium hydroxide base solution. This type of base 
: electrolyte is not suitable for the determination of zinc in magnesium-base alloys because — 
the precipitation of magnesium hydroxide. Stross recommends a method, however, 
a in which the zinc step is recorded from a potassium thiocyanate base solution after the 
, reduction of iron to the ferrous state . Any copper in the sample is precipitated as cuprous 
thiocy: anate and any nickel gives a step, in this base, that is well separated from the zinc step. 4 
zinc tr white-metal samples can be etter the removal of 
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the tin as its volatile bromide and of group 2 as their insoluble ‘sulphides.18 188 
"3 ae "gine step is finally recorded from an ammonium chloride - ammonium hydroxide base solution, 
F ee _ For traces of zinc in refined lead,® most of the ‘major constituent is removed from solution - 
bee _ as its insoluble sulphate. Then the zinc step is recorded from a base solution containing 
| ammmoniam sulphate, ammonium carbonate and ammonium hydroxide. The separation of 
S = the major constituent in a method for traces of ‘zinc in metallic cadmium is most readily 
5 effected by controlled-potential electrolysis with a stirred mercury cathode.* For the 
determination of zinc in silver-base® and thorium-base’* materials, no chemical separations — 
- Although polarographic methods are so convenient for the determination of ‘zine, alterna 
tive methods are available for the analysis of several types of alloys. The author! bee 
_ described volumetric methods employing potassium ferrocyanide as the titrant and napthidine 


as the indicator for the determination of the zinc content of many non-ferrous alloys. v This | 
4 technique requires that the zinc be separated from any other constituent that forms an 


complete than those in the polarographic methods. With aluminium alloys, aluminium 
ae and white metals, the zinc is separated from interfering elements by hydrogen 
ie a _ sulphide procedures, whereas with tin bronzes the separation is best accomplished with 
_ 8-hydroxyquinoline. | Volumetric methods in which EDTA is used are now becoming avail- 
: E) able for the determination of the zinc content of non-ferrous alloys. Ina method for zinc — 
: ee in aluminium alloys, the zinc is first separated from many alloy constituents by treating — 
the sample solution in the pH range from 4-5 to 7-0 with a sodium carbonate - sodium sulphide ~ 
am solution. The resultant precipitate contains nickel and copper in addition to the zinc. = 
: a ‘After the re-solution of the precipitate, potassium cyanide is added to form the cyanide as 
> complexes ¢ of the three constituents, followed by formaldehyde, which preferentially decom- : 
_ poses the zinc - cyanide complex. - Then the zinc content of the solution is found by direct - 
4 titration with EDTA. In an alternative method for this determination, an ion-exchange _ 
~ separation is employed for the removal of other alloy constituents from the zinc before 


the titration with EDTA is carried out 201 General information on the use of anion- exchange — 


resins for the separation of zinc in the analysis of several types of non-ferrous alloys is now — 


‘this. has ‘been greatly ‘simplified ir in recent years by the 
of EDTA. A suitable volumetric procedure involves the addition of sufficient ofastandard 
solution of EDTA to complex the zirconium and leave a small amount in excess. This excess is | 
_ then determined by titration with a standard iron solution. Potassium benzohydroxamate™ 
_ is used as the indicator for the pH range from 1-8 to 3-3 and for solutions with pH values | 
from: 3 to 7 sodium salicylate is satisfactory. 24 ~The spectrophotometric determination 
the end-point is recommended, and by this means it is possible to determine directly the 
zirconium content of uranium - zirconium alloys when solutions of pH 2-3 are used. 
The zirconium content of cerium - zirconium alloys can also be determined by a similar — 
— procedure. These examples are, however, ideal cases, because both uranyl ions and cerous 
ae ions do not form complexes with EDTA in solutions of about pH 2. In many instances the 
aD prior separation of the zirconium from other alloying constituents is essential before the — 
te a — titrations can be applied. The precipitation of the zirconium as barium fluozirconate _ i 
is very advantageous in alloy analysis, since the use of hydrofluoric acid is often essential — 
for producing the complete solution of zirconium-containing alloys, and then the separation | 
“of the zirconium can be effected without having to remove the fluoride ions from the solution” — 
_ This method is suitable for the determination of zirconium in the - presence of any of the 
54 following elements: uranium, titanium, niobium, tantalum, molybdenum, tungsten, lead, iron, bs 
_ copper and tin. The EDTA titration is also applicable after the separation of the zirconium ve 
- from other constituents with organic precipitants, including benzoic, fumaric and mandelic _ 
_ acids. The zirconium precipitate formed with benzoic acid can be dissolved in hydro- — 
et chloric acid before the application of the titration. Sulphuric acid is suitable for the solution 
a the fumarate precipitate, and ammonium hydroxide i is easily the best solvent for zirconium 
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in This is on the strongly coloured lake formed by alizarin wi 
this element, which | is stable in acidic solutions. With ith the | exception of hafnium, the lakes 
formed by alizarin with other cations are. unstable under these conditions, so ) making this 
__ method almost specific for the determination of zirconium. The zirconium lake is formed —- 
_ 15 N hydrochloric acid solutions on heating at a temperature greater than 85° C for a period ie 
of 2 2 minutes, and these conditions have been used for the determination of the a 
content of magnesium-base alloys.’ Sulphate ions, unfortunately, bleach the zirconium - 
alizarin lake, so that if it is necessary to use sulphuric acid in the solution of the sample, | 
the amount of this reagent must be strictly controlled. the development of a direct 
method for the determination of small amounts of zirconium in uranium- -base > alloys, Patter- _ 
= son’? found that 0-01 N concentrations of sulphate ions could be tolerated. In the recom- — 
mended method, therefore, the sample is dissolved in nitric acid and this solution is evaporated — 
to fumes of sulphuric acid. . The fuming process is continued to drive off the sulphuric acid — ‘, ae 
and thereby reduce the concentration of sulphate ions toa very low value. Then the residue — a ‘ 
_ is dissolved in hydrochloric acid and the alizarin - zirconium lake is formed in this solution. ae — 
_ It is necessary to adjust this solution so that the zirconium content is between 0-1 and 0-4 mg i « 
y per 100 ml, otherwise Beer’s law is not obeyed. Also when the ratio of uranium to zirconium car 
exceeds a value of 500, a correction for the absorption due to uranyl ions is needed. So 
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Determination of Copper in Stel 


at the meeting of the Scottish Section on F riday, September 28th, 1 1956). 
A method is described for the determination of copper in steel, in which | 
is complexed with biscyclohexanone oxalyldihydrazone and the 
= resulting blue colour is measured by means of the Spekker absorptio- 


_ meter within the range 570 to 600 my. The procedure is very rapid, simple _ dow a 
direct, no extraction, filtration or other separation being necessary, 
4 the accuracy of the results is at least equal to ames attained by methods ¢ 53 7 ; 
> not within the scope of the immediate i investigation, it is ae 
that the method is also suitable use with with. 


as sulphide, either the use of hydrogen sulphide or sodium are 
* _ by the British Standard methods for copper in magnet alloys, by hydrogen sulphide separa- 
tion,* and copper in carbon and low-alloy steels, by sodium thiosulphate.? — The thiocyanate 
1 separation is generally unsuited to steel analysis, chiefly because of slow precipitation of a 
- thiocyanate when only small amounts of the | element are present, and some solubility — 
Gravimetric methods of finishing involve ‘the use of the relatively high conversion factor : 
- from oxide to metal of almost 80 per cent., with the objection of the extreme difficulty ae 
decomposing the sulphide during ignition and converting it to oxide. 
_ Methods involving use of sodium diethyldithiocarbamate, suitable for an absorptiometric 
finish, have been described,?»* but it is considered that the proposed — is both es 
and s simpler, especially for routine batch determinations. 


publications®.¢ describing | the use of | biscyclohexanone one oxalyldihydrazone i in the 
detection and determination of small amounts of copper suggested, by virtue of the very — ay 
large number of non-interfering elements, a possible application to the determination of _ a ir 
copper in steels and ferrous metals generally. It appeared that no preliminary separations — il fa r 
would be involved, which offered a rapid and direct method. 
_ In order to check this theory and to prove the nature of the reactions, four B.C.S. steels ‘Se 
ware used, Nos. 252, 256, 253 and 235, containing, respectively, 0-11, 0-23, 0-495 and 0-98 E- 

per cent. of copper. Since it was desirable to have in solution not more than 100 pg of ve Oe 
copper, a 0-100-g sample of each steel | was taken and dissolved in a mixture of 5 ml of hydro- a 
chloric acid and 5 ml of nitric acid. _ The. solutions were cooled and 5 ml of a solution me 


pe Staged after the solution had been n standing for for several | hours, were ¢ as | follows— ale 


O11 0-23 0-495 
et These readings appearing to be in pone proportion, a series of synthetic di was = 
next prepared, high-purity iron (Hilger and Watts Ltd.) being used as a base, with additions - 
of copper nitrate solution containing 0-01 g of copper per litre. _ The iron was treated in es 
exactly the e same way as described above for the steels, the standard copper solution being 


iim 
| 
[ 
10, 
ae 
= 
aa 
ch 
, 1956 
followed by dilution to abo acid It Water and “ane 
_ammoniacal and dilut ut 50 ml with distilled water. These solutior 
diluted to 100 ml in a calibrated flask. From each, a 10. then made just 
m each, a 10-ml aliquot was 
— 
im 
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proved that the colour conformed to Beer’ in Fig 


publication® specified the range of pH values within which the reaction should 
be carried out. Table I shows the results of a number of tests, the final adjustment of pH § 


al 


a 


° 92°C 


> 


addition of reagent— wail” addition of reagent— addition of reagent— 
ation 


BS 


oss 8-7 8-7 1-05 88 055 4 


8-1 78 


7-6 
‘ 235 7 «0-28 85 
4 
4 
5 
8 


8 296 “Op 029 94 0290 


a, Table I also shows the results of variations in standing time after addition of alll 


has been made, in periods up to 1 hour, and such range of temperature variation as may 
normally be encountered in laboratory is claimed that — range specified, 


o. _ being made by the addition of diluted ammonia solution (ammonia solution, sp.gr. 0-88, Bio, 
a diluted with 20 per cent. v/v of water). From this it is apparent that variations within - ing 
the range 7-5 to 9-5 have no effect and, as this seemed to be a sufficiently wide range for all © as 
see: practical purposes, no further tests were made, except to confirm that at pH 13 the colour | on 


- 


1.6., 

7 

4 

N 

ae 

‘de 

= 

P 

— 

ee 


No Ve, 

i ie. 22° to 28° ‘no significant variation’ in that beyond the 


- minimum standing time of 10 minutes, there is no variation of colour up to at least 60 minutes — 
___ Conditions for the reproducibility of results having been established, it was then necessary — 

; to determine the effect of possible interfering elements in the final coloured solution. | Accord- 
~ ingly, 0-100-g amounts of various ions were placed separately into individual beakers, either _ 
as pure metal or from an equivalent v weight of analytical-reagent grade salts, and ol 


into solution by a suitable means. The procedure already described was carried out oe 


on each sample and the colour of the copper corhplex was developed. . The epee 
for each solution and the results are = 


_ INTERFERING ELEMENTS ey 


In each case the weight of interfering ‘metal (or : radical) was caval to he) 
ss 


ail 


0 0-79 
0-50 


-30 
nil 
‘ 


00 0-79 


3 From these results, it is clearly seen that only iron, nickel, chromium and cobalt have 


_ any measurable effect. For most steels, the iron ‘content will be virtually constant; in oa 

ores few is it likely to be less than 0-070 g, and in any event could easily be compen- 
_ sated by additions of high-purity iron to make up to the equivalent of a 0- *100-g sample if 

~ considered necessary. Interference due to nickel will be virtually negligible in all steels, 
 Samudine austenitic stainless types. In both instances, it is caused by the slight background 

This also applies to the elements chromium and cobalt, which, however, produce a more 

= colour. If it is considered that this colour is too deep to be ignored, it can be allowed 

for by using either a correction graph or a difference reading, since it was found that 

the depth of colour was proportional to the percentage of element present. Additional investi- 

gation has provided a further alternative method of overcoming chromium interference — 
_ almost completely, by oxidation of the element to the higher valency, when the yellow filter 
of the Spekker absorptiometer compensates for the colour of the chromate to such an extent * 

_ that it is unnecessary to apply any correction to the readings obtained in determinations — ‘ 
fe on austenitic stainless steels, the , difference in the direct reading being under 0-01 ‘per cent. 
‘Copper equivalent, or appreciably within the limits of experimental error. 
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“HAYWOOD AND SUTCLIFFE: DETERMINATION 
.™ one or air instances, ¢.g., in presence of mercury and tin, when the nesbeb:s was pre pre- 
_— ipitated under the so lution conditions required for determination, the precipitate was 
DETERMINATION OF | COPPER IN B.C.S. STEELS 


Cr, 18: 8%; Ni, 121%; Mo, 2- 89% ; Nb, O18 O18 
214 Mn, 1-61%; Mo, 0-255% 
0-93% ; Si, ; Mn, 042% 
0-067% ; P, 0-076% 
Bas 083%: Mn, 100% tia 
258 Cr, 83-07%; Mo, 0-43; V, 065% OOF 0-18 
2-92°/ Mo, 0-95% Co, 0-495 
255 cr, 0-:96% ; Ni, 0-57% ; Mo, 141% 
Cr, 0-53%; Ni, 2-08%, ; Mo, 1204: V, 0-52% 
1-72% ; Ni, 0-84% ; Mo, 0-321% ; Si, 0-87% 
167 16-12%; Cr, 332%; Co, ; Mo, 0-06 


Citric acid solution—500 g of the crystalline acid dissolved in water ‘nl diluted to 1 litre. 
Copper reagent—O-l g of biscyclohexanone oxalyldihydrazone dissolved in 10 ml of 
_ industrial methylated spirit and 10 ml of hot water, diluted to 200 ml and filtered if a 
» Ww eigh a 0-l-g sample into a 150-ml conical beaker, add 5 ml of hydrochloric acid and 
5 ml of nitric acid, and place the beaker on the edge of a hot-plate. In the presence of 
interfering amounts of chromium, add 5 ml of perchloric acid and evaporate to strong fumes 
to oxidise the chromium to the sexavalent state, as indicated by the deep orange-red colora- 
- tion. When the sample has dissolved, or after the fuming with perchloric acid, remove 
he beaker from the hot-plate, and add about 50 ml of cold distilled water and then 10 ml 
_ of citric acid solution. Carefully add 10 ml of ammonia solution, cool to room temperature 
if necessary, and dilute to 100 ml in a calibrated flask. Return the solution to the original 
beaker and transfer a 10-ml aliquot by means of a pipette to the 100-ml calibrated flask. — 
Add 20 ml of the copper reagent, dilute to 100 ml with cold distilled water and transfer 
bie toa dry 100-ml squat beaker. Set aside for 10 to 15 minutes, and then take a reading with 


ae the Spekker absorptiometer, having previously set the instrument with a water-to-air setting 


i of 1-30, using H503 and Ilford No. 606 filters. The 4-cm cell will in general be found suitable 


2 


7 


When appropriate, reagents should of analytical 


copper contents up to about 1-25 per cent. and the cell up to approximately 


— 
— 
cent. 
— the 
alloy 
alloy 
4 
exce 
cop} 
mix 
ami 
to 
Th 
«The final tz n 
ey -% = carbon to stainless and high-speed alloys, the results comparing most favourably with It 
4 fi = published figures quoted on the analysis certificate included with the B.C.S. samples. B 
averace time required each sincle determination need not exceed 20 to 25 minutes 
4 
| 
J 


3. With steels containing these higher percentages of copper, a . proportionately more concentrated © 4 
ie 4, The standard addition of 10 ml of ammonia solution was tested over a wide range of steels and, a : 
» although the time taken to dissolve the samples varied considerably (with consequent variations in the 
amount of acid remaining), the pH invariably fell within the required range of 7-5 to 9-5. 
5. The reagent solution keeps well and can conveniently be made up as a stock solution of four times + 


required concentration, being diluted with water for use, ing re-used of 


6. All glassware before use must receive a final rinse with distilled water before being re-used or 
F allowed todry. Tap-water washings caused very errative results, the reason for which was not investigated _ 
except that it does not t appear to be a function of the pH of the water or the passage of the water through 


APPLICATION TO A SPOT-TEST ON A METAL SURFACE 


ou little as 0-12 per cent. of copper is clearly indicated as follows: put 1 drop ofa 444 eS a 3 
mixture of hydrochloric, nitric and citric acids | on a clean metal surface; after about 45 seconds 
absorb the spot on a piece of dry filter-paper, and then hold it over an open bottle of ae 
= solution to neutralise excess of acid. __Add one drop of the stronger reagent solution — 
to the spot, when the presence of copper is indicated by the formation of a blue colour. 
~The intensity of the colour is roughly proportional to the amount of copper present and may 
+ compared with a previously prepared set of standard test papers, 2s” 
. The method offers a rapid and reliable procedure for the determination of copper in steels. 
_ It would appear to be suitable for use also with ferrous and various non-ferrous, ¢.g., aluminium, 


= and has been successfully applied to lead-base alloys. | 
can easily be carried out within 20 to 30 minutes, it is also J pees cael for batch routine | Pe 


for their checking of of the method under routine conditions, 
L. British. Standard 1121: Part Copper in Permanent Magnet Alloys. 4 
British Standard 1121: Part 14. Copper in Carbon and Low Alloy Steels. 
Haywood, F. W., and Wood, A. A. R., “Metallurgical Analysis by means of the Spekker Photo- _ 
electric Absorptiometer,” Adam Hilger Ltd., London, 1944, pp. 50 to 54.0 
Analysis W. F., Lundell, G. E. F., Bright, H. A., and Hoffman, j. I. “Applied . 
Analysis,’ John Wiley & Sons Inc., New ‘York, 1953, p. 253. oy 
Williams, T. R., and R. R. Chem. & Ind., 1954, - 
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‘POLA ROGRAPHIC DETERMINATION OF 

= "The Polarogeaphie Determination Chromium 


‘Molybdenum - -Chromium Alloys 


ee use of two pct calibration curves (a) 0-05 to 1-5 per cent., and ( onal 
20 per cent., for which different sample weights are required The | 
current curves are determined over the range —0-5 to —1-3 volts against 
Pee ‘ew pool and the polarograms thus obtained on a damped instrument | a 


. thoroughly investigated under most of the conditions in which they are likely to be associated, i 
and chromium is no exception. The introduction of molybdenum as a basic metal for alloys 
_is new and, to the best of my knowledge, no published method exists for the polarographic 

_ determination of chromium in the presence of molybdenum. A paper by Gokholstein? states 


whereas the reduction of MoO,” can only proceed in an acid solution. This confirms the 


~ statement by Kolthoff and Lingane, * who state that molybdenum is not reduced in neutral 


_or alkaline solutions, whilst chromium is reduced in a solution M with respect to sodium) 


or potassium hydroxides at a half-wave potential of —0-86 volt against a saturated-calome 
electrode. In an earlier paper* a method has been described, substantially that of Ridsdale 
- for the chemical determination of chromium in molybdenum alloys: however, some of the 


chemical determinations referred to in the above- va peyaies = can be done more readily 
™ 


experiments were carried out in which a of standanl 


FH bsg solution was added to each of four l-g quantities of pure molybdenum metal. 


_ Solution was effected by adding 15 ml of 12 M hydrochloric acid and 10 ml of 16 M nitric 
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190 ies 


fh 


4 


g 1 1 (a). undamped and damped polaro- (). Method « of 
_ grams a to the reduction of chromate in M sodium pea the diffusion current as represented by 


hydroxide solution containing 0-0021 sodium molybdate the dotted vertical line, 1, 
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CHROMIUM IN MOLYBDENUM - CHROMIUM ALLOYS 


aci the had ‘completely ‘dissolved, the solution -aporated to 
i = the residue was cooled. To the residue were added 15 ml of 5 M sodium fae 7 2 
and 25 drops of 100-volume hydrogen peroxide, and the resulting clear solution, after being» 
boiled for 5 to 10 minutes, was cooled in a water bath. Then 1 ml of 1 per cent. w/v gelatin __ Bes: 
solution was added to the solution, which was diluted to 50 ml in a calibrated flask. This 
pe | solution was transferred to a polarographic cell and deoxygenated with a stream of pure — es 

nitrogen for 5 minutes, after which polarograms were recorded betw een —0-5 and volts 


Z against a mercury- pool electrode. Each polarogram rose steeply from the zero line to give - : 
a well formed trace and a plateau at the maximum diffusion current; only at great 
aa : did the plateau show a tendency to rise from the horizontal plane. _A typical ek re 


is shown in Fig. 1 (a), and the method of measuring the diffusion current can be seen from a 


Fig. 1 (0). The results of these ex are given in Table I. 

lated, RELATIONSHIP BETWEEN "CHROMIUM CONCENTRATION DIFFUSION CURRENT 


alloys Chromium added Step height, Diffusion ‘current, Diffusion 


the when plotted showed a linear over the whole range; hence 
~ for a l-g sample in| 50 ml of solution a diffusion current of 89 wA would be obtained for 
a alloy containing 2 per cent. of chromium. In other words, for an instrument with | aes 
- minimum sensitivity of 200 »A for full-scale reading, the highest alloy content measurable er ia 
J would be about 4-5 per cent. of chromium. To cover the range 0 to 20 per cent. of chromium — sig, 16) 
e it is obvious that two ranges of concentration are required, in order to reduce to the minimum _ a 
the experimental errors involved. _ The two ranges chosen as most suitable were (A) 0-05 to — 
15 per cent. of chromium: a 1-g sample finally diluted to 50 ml, and (B) 1-0 to 20 per cent. pis 


of chromium: a 0-2-g sample finall diluted to 100 ml. 


contained in ml thf add, respectiv 2 and 3ml of 0-01 N potassium 
_ dichromate and 2, 3, 5 and 8 ml of 0-1 N dichromate; these volumes correspond 
the values of 0- 017, 0-051, 0-104, 0-34, 0-52, 0-86 and 1-39 per cent. of chromium. Add 
 Sml of 12M hydrochloric acid and 15 ml of 6M nitric acid, cover each beaker and heat — = oe ns 
until solution of the metal is complete; remove the cover-glass, wash the underside with ie a aoe 2 
- jet of distilled water and evaporate the solution to dryness. Continue as described above si ; 


under ‘ ‘Experimental. ” Set the instrument to the desired degree of sensitivity and record oo G 


a polarogram between —0-5 and —1-3 volts against a mercury pool and use the damped ~ a 
_ wave for the determination of the diffusion current. The results obtained are given in a E 
| Table II, and when plotted as the relationship between diffusion current and chromium ei - 
concentration gave a straight line passing through the origin, = 
-- Range B: 1-0 to 20-0 per cent. of chromium—To six 0-2-g portions of molybdenum add, 4 


1,2 , 3°5, 5, 10, 15 and 20 ml of 0-1 N potassium &§ 


te athens to a final volume of 100 ml in a calibrated flask. T he results, shown i in Table _ 
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HIGGS: POLAROGRAPHIC DETERM TION © 


RESULTS FOR THE RANGE 0-05 To 1:5 PER CENT. ENT. 2 


Chromium added, Step 1 height, Diffusion current, Mean value, Diffusion current, 


Mean = 0-229 


_ CALIBRATION- curve RESULTS FOR THE RANGE 1:5 TO 20-0 PER CENT. 1 


A 0-2-g sample diluted to 100 ml aly 

Chromium a Step height, Diffusion current, Mean value, +» current, 


Polarograph—Tinsley, Model ~V3211. Capillary drop time of 1:59 seconds and mass" 


of mercury of 0-00370 g of mercur 


Nitric acid,6M. Ve Si ta ior da he on 
Gelatin solution, 1 per cent. w/v. haste 2 
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1956) CHROMIUM IN MOLYBDENUM - CHROMIUM M ALLOYS 


ae Dissolve 1-00 g of sample in a mixture of 5 ml of 12 M hydrochloric acid and 15 ml 

— Ea 6 M nitric acid contained in a 250-ml squat beaker (for a 0-2-g sample add 2 ml of hydro- 
chloric acid and 10 ml of nitric Heat with a over the mouth 


down the underside 


apo 


| wash down the sides of the beaker with 10 to 15 ml ae 4 


‘filute to the mark and mix Sno (Use a 100-ml calibrated flask and 2 ml of cae _— 
Transfer about 5 ml of the solution to a suitable polarographic cell, deoxygenate with es 2 a 
a moderate stream of pure nitrogen for about 5 minutes, select the appropriate sensitivity ae es . 
“Tan and record a polarogram between —0-5 —_ —13 volts against a mercury pool. Read > Fhe * ; 
off the percentage of chromium in the samp e from the see height obtnined and oo: 


; -_a he results, given in Table IV, of a series of determinations based on bot anes wis 
4 show very good agreement with those obtained by the chemical method. a or 
COMPARISON BETWEEN POLAROGRAPHIC AND CHEMICAL RESULTS FOR 
MOLYBDENUM - CHROMIUM ALLOYS 


Chromium found by 
ve Mean for result 


"054 
0-052 


25 aint 


— 
— 
| 
mi and the walls of the beaker with a je 
= to dryness on an asbestos pad. Cool |. 
of cold water, add 25 drops of hydrog > SOUT — 
a ‘(fora 0-2-g sample use 15 ml). Boil the solution for 10 minutes to ensure complete oxidation =» 
q |) of the tervalent chromium to chromate. Cool, wash down the cover-glass and the sides of § 
4 
a 
q 
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— 
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— 
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“hs 


These results the degree of reproducibility that may be obtained this 
* procedure. _ The drop-time may be considered quicker than is really desirable, but no difficulty 
ea. was encountered throughout this investigation. The difference in slope | of the two curves, 
= as indicated by the two values for the diffusion current obtained for range A and B is not 
Mi large and can easily be accounted for by the different concentrations of sodium molybdate 
eS 24 ‘in the solutions used. _ The method is more rapid than the chemical method referred to 
Bee _above,? fewer reagents < are required and it has the added advantage that should a mishap 
occur during the final determination stage, a repeat on the remainder of the solution may 


num-base 


by permission he Cones, HM. | Office. 


Trudy Komissii Anal. _ Khim. , Akad. Nauk. S. S.S S.R. » Otdel. Khim, Na, 
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3. Bush, G. H., and Higgs, D. G., 
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Geochemical ‘Field M “Methods for the Determination of 
‘ungsten and Molybdenu in Soils q 
A.A. NORTH 


Geochemical prospecting methods for the determination of trace ae = 
r~ tungsten and molybdenum in soils by means of dithiol (toluene-3: a 
The soils are fused with a modified carbonate flux, the melts are 
with water, and aliquots of the aqueous extracts are used for the determina- 3 
tions. At high temperatures (about 100° C) the blue-green tungsten - dithiol _ 
complex is extracted selectively into isoamayl acetate from concentrated 
_chloric acid solutions containing stannous chloride, which prevents the forma- 
tion of the molybdenum complex. At low temperatures (20° to 25°C) the 
yellow-green molybdenum - dithiol complex is extracted selectively into 
—tsoamyl acetate from dilute acid solutions. _ Determinations are 


- 
% ‘The field as can be used for the determination of 
tungsten over the range 4 to 400 p.p.m., , and molybdenum over the range 
1 to 100 p.p.m. in soils. Simple modifications of the methods permit the q 
determination of greater amounts of the trace 


7 
ie So1Ls, water, stream sediments and plants in the ndaliiiiatone of ore bodies frequently 
_ contain high or anomalous amounts of the elements constituting the ore compared with 
oe _ the normal or background values in similar materials in barren regions. This is consequent 
_on the primary geochemical dispersion of the elements at the time of mineralisation, and theif 

_ subsequent redistribution by physical or mechanical, chemical and biochemical agencies to 


secondary _ Geochemical prospecting methods based on the analysis of soils 


es 
of 
alloys; 1t involves lew operations and the final polarograms are extremely easy to measure, gr 
— The chromium curves cover the ranges 0-05 to 1-5 and 1-0 to 20-0 per cent. of chromium § 
on different sample weichts: both curves are straight lines that pass through the oricin 
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UNGSTEN AND MOLYBDENUM IN SOILS 


eollected s systematically are particularly valuable for the location of sub- 


bodies, since secondary dispersions can arise in both residual and non-residual cover. Ai ™ 
es, | number of samples collected is usually very large, so that acceptable analytical methods | must eae Sa ad 


hot § be rapid, simple and i inexpensive; but, as the magnitudes of anomalous values are frequently Bac. 
ate many times greater than background values, analytical methods of great accuracy are not 
hap eae chromatographic methods of analysis applicable to geochemical prospecting have = 
hay been described,? but attempts to utilise this technique for the determination of trace amounts © = 


tungsten and molybdenum in soils were unsuccessful. Fusion of soils with the 
“oi I flux, necessary to obtain solution of these trace metals, resulted in such a high concentration 


of alkali-metal salts in the aqueous extracts of melts applied to paper strips that chromato- 
are, 2 graphic separations were vitiated. Considerable dilution of the extracts before the application — mh a 
um of aliquots to paper strips ov ercame this difficulty, but resulted in too great a loss of sensitivity. _ ae 
gin Field methods based on laboratory colorimetric procedures with thiocyanate and stannous San oe a 
‘pet chloride have been described for the determination of trace amounts of tungsten in soils,? _ 


| 3 _and of molybdenum in soils and rocks. These methods permitted the detection of 10 p.p.m. 
fof tungsten and 1 p.p.m. of molybdenum in the original material. — However, a preliminary — 
; i investigation of the distribution of tungsten in the neighbourhood of a mineralised shear 
- § zone indicated that a field method with better discrimination and greater sensitivity to cover — 
 & the range 5 to 40 p.p. m. of tungsten in soils was required. The use of toluene-3:4-dithiol — 


= - (dithiol) for the colorimetric determination of tungsten and molybdenum, as an alternative =e = 
941, to the thiocyanate - stannous chloride methods, was therefore investigated. ne , 
Since Hamence,* Miller and Lowe® and Miller*.?.* described the use of dithiol for the 


detection of molybdenum and tungsten, many workers have used this reagent for the quanti- ae =n 
tative determination of these elements. Methods have been published for the determinations ia: 
_of molybdenum in plant materials® and of molybdenum and tungsten in steels,!®,41.12 pharma- _ a 
 ceuticals,"* titanium metal and in biological materials. The methods generally fall into 
of two groups. The first involves time-consuming precipitation of the dithiol complex 
: r from sulphuric acid solution, often ata carefully controlled pH and salt concentration, followed a: a a 
8 by the extraction of the | complexes into an organic solvent. | . The second involves the oe 
formation and concurrent _ extraction of the molybdenum - dithiol or tungsten - - dithiol 
4 ‘complex into tsoamyl or n-butyl acetate from hydrochloric acid solution. — poems a 


_ The latter procedures possess the advantages of both speed and simplicity, and ag ate : 


The use of a flux containing equal amounts of sodium carbonate and potassium nitrate 
_ has been recommended for the decomposition of samples, for the determination of molybdenum — 
.. soils and rocks*; but the large amount of nitrite produced by decomposition of the nitrate 
the gentle fusion interfered with the determination of by means of 


“ in soils.2 The use of this flux was found to be satisfactory for the ramoretnent oh of a me 
-..- the determination of both tungsten and molybdenum, since interference from the small See a 
2 — ements of nitrite produced could be overcome. The sodium chloride present served to 
reduce the fusion temperature of the flux, so facilitating fusion over camping stoves used io 
b _ For determinations in the field, 0-25 g of soil sample was fused in a nickel crucible with uae a 
* ‘25 g, the minimum permissible quantity, of flux. The crucibles were large enough (83cm Sal 
4 x 3cm) to allow the melts to be leached directly by adding hot water to the crucibles. tc are 7 
After stirring with glass rods to free the melts from the crucibles, the slurries obtained were ard: ig 
transferred to graduated test-tubes and the volumes were adjusted to 5ml. The tubes _ 4 Je 
were then heated by immersion in a boiling-water bath for 10 minutes and were shaken 
_ occasionally.to ensure the complete break up of the melts. The tubes were set aside to cool — st 7 
and to allow insoluble matter to settle out. re of the were n 
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soils e. ‘the melts obtained could be leached more readily than those resulting from the use of the : a 


carbonate flux. poor recoveries of tungsten and owing 
ae to their occlusion in the leached residues, which contained a considerable amount of nickel 
a from the crucible. Errors due to the retention of tungsten or molybdenum in the leached 
fac residues were found to be negligible when the modified carbonate flux was used and, as the 
attack on ‘tee was less for a greater numba 


toluene-3 : 4- -dithiol, in n-butyl acetate or Interference from trace amounts 
* of molybdenum and rhenium and moderate amounts of iron and other elements was prevented 


e by warming the acid test solutions with stannous chloride for a few minutes before the 

= For simplicity in the field and, in order that the minimum amount of apparatus v was § 
required, it was desirable that the formation and extraction of the tungsten - dithiol complex § 

a be carried out in test-tubes. Preliminary experiments with 16-mm x 150-mm test-tubes 
_ showed that it would be necessary to extract the tungsten from 0-5-ml aliquots of the car- 
ie a bonate leach liquors into small volumes about 0-5 ml of ester, in order to achieve the required 

Z _ sensitivity. _ The use of larger aliquots of the leach liquors was impracticable, owing to the 
7! difficulty of manipulating in test-tubes the correspondingly larger volumes of the test solutions 
obtained after acidification. Although the rate of the reaction between tungsten and dithiol 
a. A is faster at higher temperatures, Miller recommended that the formation and concurrent 
__ extraction of the tungsten complex be carried out at 70° C, in order to minimise the loss of 
ester by evaporation. Experiments with 0-5 ml of ester containing dithiol for the extraction 
of the complex at 70° C showed that the loss of ester was significant and variable, so that 
attempts to determine the tungsten by comparison of the colour intensities of the ester layers 
% with standards were vitiated. The use of a comparatively large volume of ester, such that 
evaporation losses were insignificant, made it impossible to achieve the required sensitivity. 
_ The difficulty was overcome by completing the reaction in a shorter time at a higher tempera. 
a ture, so that practically all of the ester was volatilised. _ A small measured volume of a 


_ suitable organic solvent was then added to give organic layers of sensibly constant volume. 
er: Experiments showed that tungsten could be extracted quantitatively as the dithiol 


— 


cent. stannous chloride solution in hydrochloric acid, which rendered the test solution 10 No 
with respect to the acid. It was found unnecessary to add phosphoric acid to prevent the 
_ precipitation of the trace amounts of tungsten as tungstic acid. (Stable 0-006 M tungstate 
ae solutions in concentrated hydrochloric acid have been prepared.!*) Immersion of the lower 
halves of the test-tubes in a boiling-water bath, and heating the test solutions containing 
stannous chloride for 4 minutes before the additions of dithiol, reduced any molybdenum 
s other interfering elements present to lower unreactive valency states. The heating also 
ae destroyed the nitrous acid that was produced when the leach liquor was acidified. The 
ee: addition of more than 1001 mg of stannous chloride was found to be unnecessary and unde- 
5 * sirable, as tin reacts partly with dithiol in hydrochloric acid solutions to form a complex 
= soluble in organic solvents. The use of 5 ml of a 10 per cent. solution of stannous chloride | 
in hydrochloric acid gave rise to a pale yellow coloration that masked the colour due to very 
After reduction of the fee ea elements, 0-5 ml ofal ~ cent. solution of dithiol i in 


tant 


a remained. was not further, otherwise, the ‘globule containing 
a _ the tungsten complex, and excess of dithiol sank and became enmeshed in the precipitated 
a silica at the bottom of the tubes. Too vigorous shaking during the course of the reaction §j 


was avoided & for the same reason . On cooling, the solubility of the ester in in th 
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RMATION AND EXTRACTION OF THE TUNGSTEN-DITHIOL COMPLEX— 
_ The field method evolved for the determination of tungsten was based on Miller’s pro ker 
jure for the detection of tungsten. Miller* found that the blue-green tungsten - dithiol be: 
mplex could be extracted selectively from solutions that were at least 10 N with respect J Z 
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th was continued, and the tubes were shaken gently every 3 or 4 minutes to facilitate the ps 
rmation of the tungsten - dithiol complex. The ester was partly miscible with the acid = 

sol 

iro 


‘TUNGSTEN AND M LYBDE 

ing decreased, the size of the globule increased until 2 a layer of ester about 1 mm deep was 
‘kel formed. If the mixture was set aside for several hours, the volume diminished owing to slow — Po 7. eas 
hed | hydrolysis of the ester. This was avoided by the addition of 0-5 ml of kerosene that had 
the ~ been decolorised by treatment with charcoal. The addition of water-white kerosene to oe 


ber the test- tubes, as soon as their contents were cool, gave a layer, the volume of which was 
BE Ez constant, containing the blue-green tungsten - dithiol complex. The depth of the — 
layer (4 to 5 mm) allowed the determination of the tungsten to be readily made by visual ms 

_ —— comparison of the colour intensities with standards against a white background. Addition ee 
|) of the kerosene to the hot solution was avoided, since gentle shaking to mix the ester and wt 
pto- kerosene then led to the formation of anemulsion, 


hd Attempts to use n-butyl acetate instead of the less volatile isoamyl acetate were un- es 
pect & successful, since the time of Teaction from the addition of the reagent to the formation of 
ent, ~ the globule was insufficient for the complete formation of the tungsten - dithiol complex. a 
ints It was necessary to use isoamyl acetate of analytical- reagent grade, b.p. 138° to 140°C am ‘a 


ited E : (80 to 85 per cent. isoamyl acetate and 15 to 20 per cent. of active amyl acetate). Other act 

the grades contained appreciable amounts of more volatile constituents and gave tars that masked _ Sead ra 
Was The 1 per cent. dithiol solution was prepared by: warming a 1-g ampoule at. 30° to 40° 
plex until the reagent melted, and then dissolving the dithiol in 100 ml of isoamyl acetate. >. 2 yu Zz 
ibes solution, if kept cool, could be used satisfactorily for 2 to 3 days, or until it showed a | pale My 


yellow coloration due to decomposition of the reagent. Bagshawe™ found the fon than a 


ired of the tungsten - dithiol complex less sensitive to the staleness of the reagent solution than 
the | the molybdenum owing to chloride reducing oxidat oxidation ‘Products 


sie Standards were prepared by the procedure described above for the formation and 
i ‘extraction. of the tungsten - dithiol complex, suitable aliquots of fresh standard tungstate — 


yy dissolving 0-09 g of sodium tungstate dihydrate in water and diluting to 500 ml. __ This # | a. 

* 


ieee aarwer than 1-0 ml could not be used, otherwise the acid concentration of the solutions, | a _ 


- after the addition of 5 ml of 2 per cent. stannous chloride in concentrated hydrochloric acid, a 4 
ume. |) was too low for the complete extraction of the tungsten complex. The standards prepared a 
thiol - covered the range 0-1 yg to 10 wg of tungsten, corresponding to 4 to 400 p.p.m. of tungsten — ee 

D per insoils. The blue-green tungsten - dithiol complex was stable in kerosene solution for at least Bs: 
10N © aweek. A set of standards could be kept for some time, provided that evaporation was a 

t the prevented by plugging the tubes with cotton-wool. _ It was possible to extend the range 
state Be of the method by using additional standards containing up to 20 yg of tungsten or, preferably, es 


also ag The only interfering element lil likely to be present j in the test solutions was molybdenum. Bele 
The Heating the acid test solutions containing stannous chloride before the addition of the dithiol — ee 
inde- reagent solution suppressed the formation of the coloured molybdenum complex. When less ‘7 
rplex than 10 ug of molybdenum were present in the test solution, no yellow-green coloration due — Pay cM 
oride | ‘© the molybdenum complex could be detected in the ester - kerosene layer, whilst 0-1 He if hes 
of tungsten gave a perceptible blue-green coloration. When larger amounts were present, — - 


ee for example 50 ug of molybdenum, a pale yellow-green coloration was obtained in the 
iol in” organic layer equivalent ‘to 1 per cent. of the molybdenum reacting to give the normal 
vater | Molybdenum - dithiol coloured complex; but determinations could still be made, — 
e the that the molybdenum concentration was less than 50 times that of the tungsten. Hence, 
an for ¢ geochemical prospecting purposes, the method for the determination of tungsten in soils 


‘only | Was not subject to interference from molybdenum. ae 
‘f ___ Large amounts of iron would have interfered with the determinations, but fusion of ae se 
tated soils with the carbonate flux and aqueous leaching of the melts separated tungsten ae he . 

§} won and other elements that form insoluble akan __ When treating soils of high copper Aa 
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but heating with stannous chloride, which prevented the and 
Pe eee insoluble black copper - dithiol complex in the ester. The preliminary 
pa _ heating with stannous chloride would also prevent interference from elements such as arsenic, 


bo which suppress the reaction between tungsten | and dithiol, but these elements would not 


normally be present in soils in sufficient quantity to interfere, 

decompose ‘dithiol, but the nitrite present in the leach was destroyed 
Bye pees _ on acidification and heating. Although on addition of hydrochloric acid to the leach liquors, § 
gelatinous silicic acid = no due te the occlusion ag 


Stannous chloride—Dissolve 10 g of stannous chloride, SnCl,.2H,0, in concentrated hyde 
_ chloric acid, warm to give a clear solution, and make up to 500 mi ‘with more ie 
Toluene-3:4-dithiol—Melt the contents of a “ampoule at ‘30° to 40° 


reagent in 100 ml of isoamyl 
Standard tungstate a solution containing 100 pg of tungsten per ml 


by d dissolving 0-09 g of pure sodium tungstate, Na 2WO, 2H 20, in 500 ml of water. e's 


* ‘heat to piers: a quiet melt. id shiek add 3 ae of hot water, and preferably set aside ov ernight, 
or use a glass rod and heat gently to free the melt from the crucible. Transfer the contents 


m th w 
> the crucible to a graduated test-tube, wash out the crucible with two small Vv olumes of F ie 
_ water, and then make up to the 5-ml mark on the tube. Heat the tube in a boiling-water Bos 


= for 10 minutes to ensure the complete break-up of the melt. Set the tube aside to cool, 
ze and to allow insoluble matter to settle out. _ Transfer a 0-5-ml aliquot of the supernatant 
e: _ liquor to a dry 16-mm x 150-mm test-tube, and then add 5 ml of stannous chloride solution 
sin concentrated hydrochloric acid. Heat the tube in a boiling-water bath for 4 minutes to 
a .% reduce any interfering elements present. _ Then add 0-5 ml of isoamyl acetate containing 
er _ dithiol, and shake the tube occasionally to facilitate the formation of the tungsten complex. 
oe ‘i a After heating for about 15 minutes, when most of the ester has been hydrolysed, or volatilised | 
2 2 _ and only a globule remains, remove the tube from the boiling-water bath. When cool, add | 
oo _ 0-5 ml of water-white kerosene, and -shake gently to mix the ester and kerosene. _ Compare, 
canst _ visually against a white background the colour intensity of the blue-green tungsten - - dithial 
complex in the ester - kerosene layer with standards. 


DETERMINATION OF TUNGSTEN IN SOILS BY AND FIELD ‘METHODS 
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a The tungsten ‘contents of 14 soils, collected in the neighbourhood of a mineralised shear 
= were determined. The results for five replicate determinations by the field method 


are.given in Table I, together with the results obtained by a laboratory method. 
No other soils containing anomalous amounts of tungsten were available for testing. 
_ To assess the accuracy of the field method for the determination of amounts up to 400 p.p. m. 
. tungsten in soils, known amounts of tungsten were added to a soil and the enriched © 
samples were analysed. The values for tl the deviations aad 
sults are given in Table II. 


to atts 120, 70, 120, 110, 120, 110, 110, 110, 120, 10, 408 
208 200, 200, 200, 220, 200, 220, 220, 200, 220, 220 10-7 


FORMATION AND EXTRACTION OF THE MOLYBDENUM - DITHIOL 


Bagshawe and T ruman! have described suitable conditions for the ‘selective ext 
“of the yellow-green molybdenum - dithiol complex into isoamyl acetate. They recommended oa 7 
temperatures between 20° and 25° C for the formation and extraction of the complex from 
rdrochloric acid solutions of specific gravity 1- 06. ‘When more concentrated acid solutions 
4 were used, or at temperatures higher than 30° C, the _tungsten - dithiol complex was also a 
~~ extracted.’ . The presence of a small amount of hydroxylamine, to reduce oxidation products | cee 7 
of dithiol, ensured the complete formation of the molybdenum complex; too much hydrox - 
amine interfered possibly owing to reduction of the molydenum. 
Preliminary experiments indicated the general suitability of the extraction procedure 
_ of Bagshawe and Truman as the basis of a simple field | method for the ‘determination of — 
Bor a in soils. It was found possible, using 0-5 ml of a fresh 1 per cent. solution of fy 
shee in tsoamyl acetate, to extract molybdenum quantitatively from 4 or 5 ml of dilute 
molybdate solution, 4 N with respect to hydrochloric acid, that contained as much as 50 mg 
hydroxylamine hydrochloride. The reactions could be carried out conveniently in 16-mm 
_X 150-mm test-tubes, since after-the mixture had been shaken to facilitate the formation 
- and extraction of the yellow-green molybdenum - dithiol complex, the ester separated on 
~ standing to give a clear layer that did not need clarifying. The initial test-tube pero 
i with pure standard molybdate solutions indicated that an adequate sensitivity, 1 p.p.m. of © 
_ molybdenum in soils, could be achieved: provided that the molybdenum complex could be © 
extracted into 0-5 ml of ester from 2-ml aliquots of soil solutions, obtained by fusing 0-25 g_ 
of soil with an alkali flux and leaching the melts with 5 ml of water. Se It was found, however, wa 
that test-tubes could not be used for the extraction of molybdenum from soil solutions, — 
owing to the interference of gelatinous silicic acid, which was precipitated when aliquots of 
3 leach liquors were acidified. After the test solutions had been shaken with dithiol in tsoamyl | 
- acetate, and the tubes had been set aside to allow the phases to separate, the silicic acid _ 
a frequently prevented drops of the ester from coalescing. The ester layer could be clarified, — 
however, by separating the phases and washing the ester with concentrated hydrochloric ; 
_ acid. For simplicity in the field, separating funnels made by sealing glass taps to thebottoms __ 
of 16-mm x 150-mm test-tubes were used for the formation and extraction of the molybdenum | 
- comaplex from test solutions. Then, after the aqueous phase had been drained off and the — 
ester clarified, the amount of molybdenum present could be determined by visual com- _ 
fe. parison of the colour intensity of the ester layer with standards prepared in 16-mm x 150-mm _ 
-test-tubes. ~ When 0-5 ml of dithiol solution in _tsoamyl acetate was used for the extraction ae 
_ Of standard amounts of molybdenum, it was necessary to use 0-6 ml of ester containing 
- dithiol for the extraction of molybdenum from acidified soil solutions. Then, owing tothe 
Slight miscibility of the ester with concentrated the ‘volume of the ester 
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aed phase was saillaeies 0-5 ml on clarification by shaking for — with 4 ml of 2 acid 
nage As the ester hydrolysed slowly while in contact with the concentrated acid, it was nec 
_ to make comparisons with standards within a few minutes of clarifying the ester. an 
"i ‘The nitrite present in aqueous extracts of melts obtained by fusion of soils with mixed 
ee carbonate - nitrate fluxes, if not previously destroyed, would have reacted with dithiol and 
le _ interfered with the extraction of the molybdenum complex. Interference from this source 
2 a was prevented by adding hydroxylamine hydrochloride to decompose the nitrous acid present 
in acidified soil extracts. The hydrochloride was added in amounts that were slightly 
de # mee in excess of those required for the decomposition of the theoretical maximum amounts of Ff 
3 Cer, « nitrite that could be formed during the fusions. It was found, however, that the efficiency Fe 
a of the field procedure for the extraction of the molybdenum - dithiol complex was incon- § 
sistent, and frequently very low, when a flux containing equal amounts of sodium carbonate § 
ay a potassium nitrate had been used for the decomposition of the scils. Investigation showed E E 
_ = this to be due to variations in the amount of nitrite formed during the fusions, eadingy in 
some cases to the presence of an intolerable excess of hydroxylamine hydrochloride. _ 
n The difficulty of regulating the excess of hydroxylamine was obviated by using 1-25 
a, 3 a flux containing five parts by weight of sodium carbonate, four parts of sodium chloride | 
and one part of potassium nitrate for the decomposition of the soils. Then, 50 mg of hydroxyl § 
i, ee amine hydrochloride was more than sufficient to decompose the maximum amount of nitrite 
that could be present in 2-ml aliquots from 5 ml of leach liquors. The excess of hydroxylamine 
_ was always sufficient to prevent interference from oxidation products of dithiol, but insufficient 
_ to interfere with the formation of the molybdenum complex. For convenience, a solution 
of hydroxylamine hydrochloride in hydrochloric acid was used. — _The requisite amounts of 
scat give a 4 N test solution and the hydroxylamine could then be added simultaneously, 
Two millilitres of a 2-5 per cent. w/v solution of hydroxylamine hydrochloride in 10N 
_ hydrochloric acid were added to separating funnels containing 2-ml aliquots of leach liquors. 
_ The acid was added cautiously to prevent loss of solution by the too rapid evolution of carbon 
_ dioxide and nitrous oxide. Heat was generated during the addition of the acid, and caused 
a the temperature of the solution to exceed 30°C. In order to prevent the subsequent extrac- 
-_ tion of any tungsten present, the contents of the funnels were allowed to cool for a few minutes 


3 3 a tate were added, and the hes, were shakes three or four times over a period of 15 minutes , 
= _ to facilitate the formation and extraction of the molybdenum complex. The molybdenum 
was extracted ely, provided that a fresh of dithiol i in the ester, prepared 


_ Astock solution of molybdenum was prepared by dissolving 0-075 g of pure molybdenum 
_ trioxide in a few millilitres of N sodium hydroxide, then diluting with water and just acidifying 
Fahy with normal hydrochloric acid solution, and finally diluting to 500 ml. The stock solution | 
ve containing 100 wg of molybdenum per ml was diluted with water to give two solutions, one 
_ containing 1 wg of molybdenum per ml (solution A) and the other 10 wg of molybdenum 
: ee per ml (solution B). _ From these two solutions a series of standards, successive standards | 
differing in their molybdenum content by about 30 per cent., were prepared. Then 0:1 to 
_2-0-ml aliquots of solution A and 0-3 to 1-0-ml aliquots of solution B were put by pipette 
_ into 16-mm x 150-mm test-tubes. Water was added to make up the volume to 2 ml, and 
2 ml of 10 N hydrochloric acid containing 2-5 per cent. w/v of hydroxylamine hydrochloride _ 
a _ Were added to each tube; 0-5 ml of a freshly prepared 1 per cent. solution of dithiol in isoamyl j 
acetate was added, and the tubes were shaken four or five times over a period of 15 to 20 
minutes to facilitate the formation and extraction of the molybdenum - dithiol complex. § 
_ As the ester was not hydrolysed appreciably while in contact with the 5 N hydrochloric 
_ acid, the standards were stable. Provided that the tubes were plugged with cotton- wool, 
_ to prevent loss of the ester by evaporation, the standards could be used for several days. 
_ These standards covered the range 0-1 to 10-0 ug of molybdenum, corresponding to 
a to 100 p.p.m. in soils. The effective range of the method could be extended either by the 
use of additional standards containing up to 20 wg of molybdenum or, preferably, by taking 
pe _ only 1-ml aliquots of the leach liquors and only 1 ml of 10 N hydrochloric acid containing 
hydroxylamine, and then forming and extracting the - dithiol complex 
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sary ‘Tungsten did not interfere, even when 100; (equivalent. to 1000 p-p. m. ‘of 
is ‘in a soil) were present in the test solutions. No tungsten - dithiol complex was extracted — 


‘into the ester under the conditions used for the extraction of the molybdenum - dithiol complex. — 


and As in the tungsten determination, interference from iron and other elements forming _ 
— jnsoluble hydroxides was avoided by the use of an aqueous leach of the melt from an alkaline - 

sent “fusion. With soils high in copper, some passed into the carbonate leach liquors, but the  __ 
htly § Diack insoluble copper - dithiol complex that formed, and collected at the interface between _ 
ester and the aqueous phase, was removed on washing the ester with concentrated 


The use of hydroxylamine to prevent from nitrites and oxidation products 
“ofa dithiol has been described above. No interference caused by the occlusion of molybdenum Pa: ; 
by the gelatinous _ acid that formed when the carbonate leach _ liquors were acidified 
Flux—A of 5 parts by weight of sodium carbonate, 4 parts of sodium chloride 
and 1 part of potassium nitrate ground to pass through an 80-mesh sieve. 
Hydroxylamine hydrochloride—Dissolve 2-5 g of the solid in ml of water and then _ 


ution 90 ml of concentrated hydrochloric acid. 


” Tolwene- 3: 4-dithiol—Melt the contents of a 1- -g ampoule at 30° 1 to 40° C, and 


Standard molybdate solution—Prepare a solution containing 100 yg of molybdenum per 
ml by dissolving 0-075 g of pure molybdenum trioxide in a few millilitres of N sodium | 


hydroxide, dilute with water, just acidify with hydrochloric 2 acid and dilute finally te to ml. 
amyl f b Mix 0-25 g of soil (-80 mesh) with 1-25 g of flux in a 3-cm x 3-cm nickel crucible, and — a 

nutes "heat to obtain a quiet melt. Cool, add 3 ml of hot water, and preferably set aside overnight, = 


| or use a glass rod and heat gently to free the melt from the crucible. _ Transfer the contents a “a 
pared 7 of the crucible to a graduated test- tube, wash out the crucible with two small volumes ” a > 
ee _ water, and then make up to the 5-ml mark on the tube. Heat the tube in a boiling- water : 
- & bath for 10 minutes to ensure the complete break-up of the melt. Set the tube aside to © 
Bed | cool, and to allow insoluble matter to settle out. Transfer a 2-ml aliquot of the supernantant — 


‘ - Tiquor to a cylindrical separating funnel (diameter 16 mm), and add 2 ml of sees 
: y™ § hydrochloride solution cautiously. Allow the contents of the funnel to cool to 20° to 25°C. 
mee Add 0-6 ml of dithiol solution in isoamyl acetate, and then shake the funnel gently four or — 
sabi five times, over a period of 15 minutes, to facilitate the formation and extraction of the 
sents molybdenum complex. Drain off the lower aqueous phase, add 4 ml of concentrated hydro-— 

vl to chloric acid and shake the funnel for 30 seconds to clarify the ester.: Set aside for a few 7 


cette moments to allow the phases to ‘separate. Compare, visually against a _ white background, 
ipet the colour intensity of the yellow-green molybdenum - dithiol complex in the ester layer 


and with standards prepared in 16-mm x -mm_ test- tubes. 
to 0 § 5 is ‘The molybdenum contents of 5 soils and 4 shales were sesanienth: The results for 
determinations by the field m are given 1 in Tab 

-wool, 
ays 
ng to 
ny the and over the range to 100 p.p.1 m. in soils. By simple modifications of the 
aking Procedures greater amounts of both metals can be determined. The results obtained indicate 
aining Zz the methods are sufficiently accurate for geochemical prospecting purposes. The _ 


Methods are rapid, 30 or more determinations can be made per man per day; and, as 
“only - the methods are suitable for use in the field. 
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an 
field method, f this Molybdenum found 
w 
8 (shale) 180, 160, 16000158 Wino 
; tit _ I am indebted to Dr. J. S. Webb of the Ro a School of Mines { for supplying soils con- 
y pplying 
a taining anomalous amounts of ‘tungsten, and also to Dr. J. R. Butler and Mr. H. Le Riche 
¥ _ of the Rothamsted Experimental Station for supplying samples and for permission to quote 
Bile @ Z ‘ results obtained by them. This paper is published by permission of the Director of the 
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Non- -stationary Platinum Electrodes for the 


Determination of Cysteine a and Cystine 


a 


B. RAY SARKAR anp R. SIVARAMAN 


wee aides Ar rotating platinum electrode and a vibrating one have described. 


OF eth for the amperometric determination of the sulphydryl group in cysteine from | 
micro and micro-quantities of the sample. The technique has also 
applied to the determination of cystine after conversion to cysteine. 
were viable. tlic tubch wers with 
paaueianea 2,3,4,5,6,7 have made use of the amperometric technique developed | by 
_ Kolthoff and Harris* for the determination of the sulphydryl group in biological materials. 
One of the essential requirements in this connection is the use of a non-stationary type 
electrode as an indicator electrode. In essence, this is a a wile, 


Allen, S. H., and Hamilton, M. B., Anal. Chim. Acta, 1952, 7, 483. bes 
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4 
— urpose. Kolthoff 
tems for such a purpo ation 
a on the development of suitable the devices employed for 


of the electrode, the details « of several ty types es of electrode used in amperometric 
polarographic titrations have been given by other workers.10,11,12,18,14,15,16 Studies 
~ of the behaviour of vibrating platinum micro-electrodes have been made, rather elaborately, — yi 
_by Lindsey*-* and Dirscherl and Otto." 17. The possibility of preparing similar electrodes 
- from available materials in this laboratory has been explored. i This paper gives a ‘description Pe 
of each of the two types developed, with the results obtained in the determination of cysteine. 
cystine was also determined amperometrically by reducing it to cysteine. The 
i principle followed in the reduction was that outlined by Kolthoff and Lingane,'* and utilised sa 
Carter’® in the amperometric determination of disulphides in intact 
- In this reaction one mole of cysteine was derived from one mole of cystine. 
ama For the purpose of comparison, cysteine was determined volumetrically by utilising : 
the reaction of the sulphydryl -iodosobenzoic acid” and with potassium 


proteins. 
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| = outer brass cylinder I= tube having an 
2 = ball bearings diameter of 7-2mm internal 
= cone pulley = platinum electrode with a diameter of 

= screw 0-5 mm and a length of about 8-0 mm 

6=sockets 11 = mercury in the 

= handle B= of the motor 
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Rotating platinum electrode—Relevant constructional details of the system employed for 
r ther rotation of the platinum electrode are shown in Fig. 1. _ Agilass capillary tubing having 
+m oo a platinum wire sealed to its lower end was filled with mercury up to a certain length. Is 
x -_ was then fixed inside a piece of brass tubing with a pair of ebonite sleeves and metallic sockets, 
a _ The brass tubing in turn was kept in position with a pair of ball bearings fixed inside the 
u two ends of a thick-walled metallic jacket, which could be clamped to a stand by means 
_. _ of a handle. The electrode could be rotated with the help of a belt passing around t 
____ cone-pulley at the top of the brass tubing and the pulley of a motor of variable speed. For 
P a the present work the rotation was fixed at about 130 r.p.m. One end of a copper wire was 
connected to the galvanometer and the other end was dipped in the mercury inside the glass 


_ Electrical contact of the system was maintained rotation of 


capillary. Tt he electrolyte contains 4-2 g of potassium iodide and 1-3 g of mercuric iodide 
be dissolved in 100 ml of saturated potassium chloride solution. The standard electrode is 
Zee in turn to an agar | oe through two vessels pr recor saturated potassium 


228 


_ diameter 6mm. The agar bridge i is 11 inches long and has an internal diameter of 5 mm. 
It is filled with a 3 per cent. agar gel containing 30 per cent. of potassium chloride, and both 
are protected by tightly No. 1 filter-paper, 
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smaller ‘sample. Details are in 
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assemb through a spot This contains mercury at the 
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buzzer by a 2-volt battery. An insulated copper connecting wire was fix 
a the bottom part of the vibrating steel strip by means of a sleeve of rubber tubing. Through 


ig one end of this a small platinum wire, 2-5 cm long and 0-5 mm thick, having a loop at the = 

zs : Ss free end was pushed in and kept in position, while the other end was connected to the galvano BA fte 

‘ F ae meter. By proper adjustment, the platinum wire was made to vibrate freely inside a small gal 
= a _ porcelain dish used as the titration vessel. The electrode vibrated at a frequency of about § cur 


i = 60 cycles per second and an amplitude of a few millimetres. The vibration was found to B 

Titration assembly with vibrating ‘platinum electrode—An idea of this may be obtained 
ae from Fig. 4. The entire assembly was compact and proved quite convenient. The com- f 
_ bined agar bridge and reference electrode was about 10-5 cm long; the potassium chloride. | : 
agar bridge was 7:5 cm long and 2-5 mm in diameter. A capillary tube 5-5 cm long and 
: 3 tele 2-5 mm in diameter with a short platinum wire fused at the lower r end was kept inside the 
tat : reference electrode by means of a piece of rubber tubing at the top. E External connection bi: 


_ _ Phosphate buffer solution, pH 7—This solution contained 117-7 § g of anhydrous dipotassium 
“hydrogen phosphate and 44-1 g of anhydrous potassium dihydrogen phosphate per litre. 
Ses iodide solution, 20 per cent.—Freshly prepared and acidified 2 oad before wu 


by mixing with an equal volume of N hydrochloric acid. ans By 


w= * _ Sulphate - chloride - iodide solution—This contained 5 g g of potassium iodide, 10g g d 
‘snbydeom zinc sulphate and 50 g of sodium chloride dissolved in water and diluted to 200 ml. 
Sulphuric acid, 12 per cent. 
A(+-)-Cysteine hydrochloride monohydrate—The sample (obtained from Merck Co. 
1-755 g was dissolved in ethanol and the solution was up tol litre. 
= nitrate solution, 0- ‘001 N—Stored_ in a dark bottle. 


__ Standard cystine solutions—Prepared from 1(-+-)- (obtained from Merck & Co. Inc] § m 
; _ by dissolving weighed amounts in distilled water with the minimum quantities of hydro 9 7 


Ghiloric acid. The were ‘so as ‘te contain 200 and 


“4 PROCEDURE FOR DETERMINING 
‘VoLUMETRIC METHODS—The purity of the of or its concentration in o 
solution was checked volumetrically by two independent methods. 
With o-iodosobenzoate as the oxidising agent—A mixture of 10 ml of the o-iodoso 
a benzoate solution and 5 ml of the phosphate buffer solution was treated with a definite volume, i t 
e-.. to 30 ml, of the cysteine solution ~~ 20 ml of the freshly prepared acidified potassium 4 


"potassium solution ‘and a definite volume, 10 to 30 of the solution 
were added 20 ml of the sulphate - chloride - iodide reagent. ' This was acidified by th § 
addition of 12 ml of the sulphuric acid. The iodine liberated was titrated asusual. Ifonlya ; 
_ acidified iodide solution is used in place of the sulphate - chloride - iodide reagent, the 


end-point would be difficult to detect because of the reversible nature of the reaction. Ss 
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I ml or more of the test solution, and the vibrating electrode for titrating much sm 

i as has already been mentioned. wae Grade 


(i), Titration with the rotating dectrode—Into a 250- ml glass 
- containing 29 ml of abolute ethanol were put by pipette exactly 1 to 2 ml of the cysteine 
— solution and 1 ml of the supporting electrolyte. The “beaker was then placed in position. 
the connections had been made and an shunt put across. the 


le the 

Dg of Ghieasd. ‘Fig. 5 Typical titration curve 
aa ilver nitrate solution was then added i in small portions from a burette protected from aa 


. Inc.) “light by being wrapped in black paper, and the steady reading of the galvanometer correspond- i: 
oe s ing to each addition was recorded. A typical titration curve is shown in Fig. 5. The point ae ; 

q _ §) of intersection of the two straight lines as shown in the figure was projected on to the abscissa, _ 

ml of and the corresponding end-point in terms of silver nitrate solution consumed was determined. a 


Blank titrations were carried out on the reagents to allow for any correction in the deter- 
mination of the volume of silver nitrate actually required in the reaction with cysteine. = 
With the reagents used, the correction factor was found to be practically nil. There was 
g and “no indication of poor response of the electrode from a small number of titrations. The 
i. electrode was cleaned only after a series of titrations by being dipped for a few minutes in | 


nitric acid and washed f finally with distilled water. 

Titration ‘with the ‘vibrating platinum electrode—A known volume of the 
vi 


sinter within the range of 0-025 to 0-05 ml was taken in a 5-ml porcelain dish. An equal + 
ae olume of the supporting electrolyte and about 0-25 to 0-50 ml of ethanol were added. _ Neces- — 


n ina | E the solution in the dish. — Titration was carried out as before, this time a ae 


odoso- | silver nitrate solution. “The « “curves ‘obtained were similar in nature to those found when 
yume, ‘the rotating platinum electrode was used. Blank titrations were carried 


PROCEDURE FOR cYSTINE— 


of the 


p The a as such was used as the standard of me 
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was repeated with the other cystine solutions of various concentrations. * Blank titrations — read i 


formed. Titration with silver nitrate was carried out as before. The experiment ae 


were also carried out. 
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ia AS 
rough — 
at the 
Vano- 
smal 
current, which be short-circuiting for 2 to 4 minutes. » 
= 
J 
‘ 
7 
4 
— 
-ml Pyrex-glass beaker were added 1 ml of the cystine solution of known concentration, = a 
l of the supporting electrolyte and 2 ml of the sodium sulphite solution. The electrode a pater Me 
with | 
mallet 


the supporting and 0-2 ml of the sodium solution. The wire 
> -s then made to vibrate above the precipitate of sodium sulphite formed at the bottom 
at _ Titration was subsequently carried out as described above. As usual, titrations were aly 
carried out to determine the blank value. 


volumetric methods almost identical results. The cysteine found was about 16 

‘METHODS 


the 0-iodosobenzoate method potassium ferricyanide method 


Cysteine found, Conversion — found, Conversion factor 


— 


ent. higher than the of the sample taken, acoding to the formula. 


50 saciuny dissolves! ia water asx! Muted bir 
_ AMPEROMETRIC DETERMINATION OF CYSTEINE | 


solution, sabi “present, found, — ‘Present, Difference, 


2-036 2-0 —0-30 0-025 0-052 42-16 


143 


cysteine were determined, means of the rotating as well as electrode, the 
es recovery was found to be on the whole quite high. Although it has been the 
_ practice to keep the volume of test solutions constant in such titrations, the results wert | 


ion, found, Difference, solution, present, found, Difference, 


97 —1-50 0- 0250 0-050 00516 


js to BSS 0-67 0-100 


0 


8 are shown in Table III. The percentage recovery on the whole was slightly less than that | 
s observed for cysteine. However, the tendency for the percentage recovery to be greatet 
with amounts of cystine was also noted the convenient 


00 

The results of determining different amounts of after its c m to cysteine 


Titration with the vibrating platinum electrode—To 0-5 ml of ethanol in a 5-ml porcelain} of ¢ 
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DETERMINATION OF CYSTEINE AND CYSTI 


carrying out est the value ‘of the electrodes used. Althoug h volumet 
methods proved to be quite simple, the amperometric technique might be "suilioien for — 
dealing with biological samples. This study was merely a standardisation of the method — ie 
Baws use of the rotating and vibrating electrodes with a view to their application ir in 


Univ., 1951, No. 4, ftw 
5. Wiessman, N., Schoenbach, E. B., and Armistead, E. B., <8 2 
Schoenbach, E. B., Armistead, E. B., and Wiessman, N., Proc. Soc. Biol. Med., $900: 
Ling, C. T., and Chow, B. F., J. Biol. Chem., 1953,202,445. ellen: aw ; 
& Kolthos, I. M., and Harris, W. Ind. Eng. Chem., Anal. Ed., 1946, 18, 161. 
. Herbert, F. and Denson, J. R., Anal. Chem., 1954, 26, 440. Yo 40: 


13. J., J- Phys. Chem., 1952, 56, 439. 
14. ——, Anal. Chim. Acta, 1955,13,200. 
Roberts, E. R., and Meek, J.'S., Analyst, 1952, 77, 
«16. Dirscherl, W., and Otto, K., Leybold Polarograph. Ber., 1953, 49. 
Kolthoff, I. and Lingane, “Polarography,” Interscience Publishers Inc., New ‘York, 
20. Hellerman, L., Chinard, F. P., and Ramsdell, P . Chem Soc., 1941, 2551, 
Mason, H. L., J. Biol. Chem., 1930, 86, 623. 
DEFENCE ScIENCE ORGANISATION 


of Agriculture, and — 


FOOD STANDARDS COMMITTEE 
REPORT on EMULSIFYING AND STABILISING 


4 TuE Minister of Agriculture, ‘Fisheries and Food, the Minister of Health and the Secretary of State for re a 


y Scotland have approved for publication a Report of the Food Standards Committee’s Preservatives Sub- aan a4 
Committee making recommendations about the use of emulsifying and stabilising agents in foods» = ~ 
Be. Before deciding what action should be taken on these recommendations, the Ministers concerned will ey 
5 consider any representations from interested parties. They should be sent to the Assistant Secretary, _ 
Food Standards and Hygiene Division, Ministry of Agriculture, Fisheries and Food, Great Westminster 
4 House, Horseferry Road, London, S.W.1, to arrive not later than November 30th, a 
<< of the Report may be obtained from H.M. Stationery Office, price 9d. (plus postage). pl is he 


it \ ssue d | by the > Institution, as follows— 
2571—Amendment No. 1 (September, 1956) to B. s. ‘18: 1953. Density. Hydrometers a and 
' Obtainable from the sane Standards Institution, Sales Department, 2 Park Street, London, Ww. 1 
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| Book Review 
d by MitcHett, jun., Kotruorr, E. s. 

KAUER and A. WEISSBERGER. Pp. viii + 372. New York and London: 
Publishers Inc. 1954. Price ‘$8. 
arity .' ee This book contains nine review articles on various aspects of organic analysis; it is not the 

second volume of a general textbook on the subject, as the title might suggest. Broadly, the subjeel 

ste _ matter is divided equally between chemical methods on the one hand and physical and insti 
mental methods on n the other; there is, of course, some 3 


a” esters; ; it is well worth : study by reas ed consider that there is no 10 more to it than heating with 
- ethanolic alkali, and it might have given a clue to the author of a paper published some yeam ‘ : 


a on as to-why the p-nitrobenzoates of propan-2-ol and pentan-l-ol were reported (erroneously} 
_ as melting at about 55°C. The article on the determination of nitro, nitroso and nitrate group 
: oa follows a straightforward course, but that on the micro-determination of as groups seems 
of step with the lengthy bibliography. 
a hardly seems that aluminium lithium hydride has only t been with us since 1947; its analytical 
applications are set out and some suggestions made for their future extension. a — 
; _ Recent issues of Analytical Abstracts reveal an increasing interest in coulometric methods, 
, Bas The technique is described, but the peculiar feature here is that there is very little pertaining to 
_ its use in organic analysis. Polarography may be speedy, but is full of pitfalls; recent work has 
indicated the cause of some errors and difficulties, and these, as well as the advantages ¢ 


Methods based on reaction rate are not popular, but they do find ‘useful applica 


One of the best known examples of phase-solubility analysis is the evaluation of commercial DDj 
however, such methods arelengthy, = | — 
=. _ This volume concludes with a survey of counter-current distribution, another relatively 
recent addition to the analyst’s armoury, particularly useful in the separation of substances of 
unknown chemical properties, such as biologically active bodies. 
There is certainly a niche in the library for the books in this series, for there is nothing quit 

_ like them; the nearest approach are the review numbers of Analytical Chemistry, but these usually 


the work of the preceding year or ‘so rather than deal with a as 


_ SYSTEMATIC QUALITATIVE ANALYSIS TABLES FOR INORGA Cc ‘SUBSTANCES. 
Il and Combined. By E. MinsHatt, M-Sc., F.R.I.C. Pp. 650; 48; 94. London; 
ih. bad Macdonald & Evans Ltd. 1956. Price: Part I, 5s.; Part II, 5s.; Combined, 8s. 6d. 
“Coates, M.A., Pp. viii + + 
Londen: Methuen & Co. Ltd.; New York: John Wiley & Sons Inc. 1956. Price 12s. 6d. 
INORGANIC QUALITATIVE ANALYSIS: SEMI-MICcRO METHODs. By H. Hoxnzss, MSc., 
ee Second Edition. © Pp. viii + 152. - London: Sir Isaac Pitman & Sons Ltd. 1956. Price 
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substances that exert a catalytic effect on a reaction and in the analysis of some mixtures § 
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